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According to the State of Iowa farm census (I966), approximately 
10 million acres of Iowa land are used for forage and pasture produc­
tion, This accounts for nearly 30^ of the total farm land in the 
state, thus, obtaining optimum economic production from these forage 
acres is of considerable importance» 
Most pastures have their beginning as grass legume mixtures, how­
ever due to natural causes and/or mismanagement the legumes die out 
leaving pure grass stands. During the last few years, both in Iowa and 
throughout the rest of the world, a large amount of research has been 
conducted concerning the response of pure grass stands to inorganic 
fertilizers. The fact that grasses will respond to inorganic ferti­
lizers in itself is not-sufficient in today's competitive agriculture. 
Also, research information on crop responses from other parts of the 
world may not have specific application to the problems involved with 
increasing production of Iowa pastures. 
Since the production from pastures must be utilized by livestock, 
increased yields as well as chemical composition of the forage is of 
prime importance. 
Experimental evidence indicates that nitrogen is the major 
nutrient needed for forage production, however, the response to other 
nutrients such as phosphorous and potassium is variable. In the past, 
a large number of experimental plots were required in order to investi­
gate these relationships and with forage crops this was generally 
prohibitive. However, with advances in experimental design, it is 
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possible to examine these variables and develop a continuous yield 
equation to which an economic analysis can be applied. 
Research has also shown that many variables in addition to 
applied nutrients influence the yield and chemical composition of 
forage. Some of these variables can be controlled or influenced by 
the farmer while others cannot. 
In view of this situation then, this study was undertaken with 
the following objectives in mind; 1. to determine yield equations for 
orchardgrass under Iowa conditions as a function of applied fertilizer 
nutrients, 2, to relate by multiple regression equations the nitrate-
nitrogen content of orchardgrass as influenced by controlled and 
uncontrolled but measurable variables, 3» to determine the influence 
of applied nitrogen fertilizer upon the nitrate-nitrogen content of 
different orchardgrass varieties, 4, to perform specified economic 
analyses with the yield equations, 5« to compare individual effect 
coefficients for different locations and years and 6, to estimate 
beef production per acre for different factor-product price ratios 
and conversion factors for forage to beef. 
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REVIEW OF LITERATURE 
There is abundant experimental research evidence available in 
the literature to substantiate the fact that forage responses can be 
influenced by many factors. Response is not limited to yield alone, 
but to the entire chemical composition of the plant* Not only are the 
factors influencing response numerous, but they may act singly or in 
combination plus the fact they will vary with location. Out of this 
jnyriad of factors only a small number are subject to control by man. 
Fortunately though, factors such as applied nutrients, time of appli­
cation, species, and variety which can, for the most part, be controlled 
have been shown to account for a large part of the variability of 
forage response. 
Accordingly then, this review of the literature will attempt to 
bring together results from experiments involving the effect of some 
of the controllable factors responsible for large differences in forage 
production. It is recognized that factors such as moisture, light, 
and temperature can account for variability in forage responses. From 
a practical standpoint, an individual engaged in forage production in 
Iowa has little control over factors such as these. Consideration will 
be given to those methods and factors which can be used to develop 
prediction equations for the economic production of forages. 
Factors Affecting Yield and Chemical Composition 
Species, varieties and applied nutrients 
The ultimate consumer of forage is livestock, so the objective 
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is to produce dry-matter that is nutritious, palatable, and nontoxic 
to the consumer. 
Five orchardgrass varieties from diverse areas of the United 
States were evaluated under irrigated conditions by Dotzenko and 
Henderson (1964). Ihey applied rates of 0, l60, 320 and 640 pounds 
of N per acre to Iowa No. 6, Latar, Pennlate, Potomac and Commercial 
varieties of orchardgrass. The study was carried out on a Nunn clay 
loam soil at Fort Collins, Colorado. The varieties showed marked 
increases in yield, total N and NO^-N content as the rates of applied 
N fertilizer were increased, but showed lower P and N recovery per­
centages, Differences among varieties were also noted, 
Davis (1961) evaluated 40 orchardgrass varieties in British 
Columbia relative to their yield and protein content. He found that 
medium maturing varieties had the highest protein production per acre 
and also the highest dry matter yield, 
Dotzenko (I96I) evaluated orchardgrass, smooth bromegrass, tall 
oatgrass, intermediate wheatgrass, tall wheatgrass and tall fescue 
under irrigation and rates of N from 0 to 640 pounds per acre. He 
found significant yield and percent total N differences among species 
and across N rates within species. During the 3 y@ar period tall 
oatgrass, orchardgrass, tall wheatgrass and tall fescue had approxi­
mately 505^ stand reduction at the 320 and 640 pound N rates. These 
were all bunch type grasses, while the sod formers, smooth bromegrass 
and intermediate wheatgrass, had only about 20^ stand reduction. 
Percent N recovery dropped sharply from 80 pounds of applied N to 640 
pounds of N. 
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Effects of 0, 80 and l60 pounds of N per acre on forage produc­
tion, percentage crude protein (total N x 6.25), Ca, and P uptake by 
Common, Lincoln, and Manchar broraegrass, orchardgrass, timothy, inter­
mediate wheatgrass, meadow foxtail and reed canarygrass in a high 
altitude meadow near Pinedale, Wyoming were studied by Lewis and Lang 
(1957)* Variations in species and variety responses to N were noted. 
However, significant increases in forage production and percentage 
crude protein were obtained for all 8 grasses, Ca content of the 8 
grasses was increased by N application, Orchardgrass and meadow-foxtail 
had the highest and lowest Ca content respectively, N also increased 
the P content of the grasses with orchardgrass being highest at 0,28^ 
and Manchar bromegrass the lowest at 0,19# regardless of N treatment. 
According to Pudge and Praps (1944) all the 8 grasses rated "fair" 
(0,15 to 0,29/2) in P content for beef animals on the range. Work by 
Duell (i960) in New Jersey involving applications of 200, 6OO and 1000 
pounds of 10-10-10 to alta fescue, timothy, Kentucky bluegrass, 
orchardgrass, bromegrass and reed canarygrass, also showed increases 
in yield, crude protein and a depletion of soil K, He also found that 
reed canarygrass was consistently the highest species in protein content 
and alta fescue the lowest, Orchardgrass and reed canarygrass were 
highest ir K while Kentucky bluegrass was the lowest. 
Carter (I96O) applied N to pure stands of bromegrass and orchard-
grass grown in Southern Iowa, Forage yields apparently had not reached 
a maximum at 240 pounds of N per acre. He also found essentially no 
carry-over of N even at the 240 pound rate. Possible toxic levels of 
NCy-N for animals were found at the 240 pound N rate. 
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On a Duchess shaly loam soil which is derived from glacial till, 
Ramage et al, (1958) studied the effect of N rates of 0 to 400 pounds 
per acre applied to orchardgrass and reed canarygrass. They evaluated 
yield, percent protein, percent N recovery, total digestible nutrients 
(ten) and the K removal from the soil as influenced by N fertilizer. 
An application of 100 pounds per acre of and KgO was made each 
year. Dr,v matter yields ranged from 2 tons with 50 pounds of N per 
acre to 4.5 tons with 400 pounds of N per acre, while protein increased 
from 12 to 20{^ respectively. The 100 pound N rate gave the greatest 
yield of dry matter and protein per pound of N applied. This rate 
also gave the most efficient return in yield on a cost basis. 
Ramage et al. (1958) found the recovery of applied N in percent 
for both orchardgrass and reed canarygrass during 195^ to be 59.7, 
73.5, 62.0 and 58.7 for rates of 50, 100, 200 and 400 pounds of N, 
respectiveljr. The estimated TDN values in percent of the forages 
produced averaged 68.2, 66,8, 65.8 and 66.4 (on a dry matter basis) 
for rates of 50, 100, 200 and 400 pounds of N respectively. Soil 
test results showed that at the high rates of N, more K was being 
removed from the soil than was being added by an annual application of 
500 pounds of 0-20-20 per acre. 
Evidence previously quoted is in general very clear as to the 
effect of applied N on yield and protein content. However, this is 
not the case with applied K fertilizer. ]h general yield responses to 
applied K are more uncertain than to N and P. Jackson et al. (1959) 
in Georgia found that K became limiting sooner than P at high rates of 
N fertilization on coastal Bermudagrass. Walker (I96I) found that on 
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bluegrass the most important element in accounting for increase in 
yield was N. The next most important element was applied P while 
applied K had no significant effect. 
On an established orchardgrass stand in Didiana, Griffith et al» 
(196^) report that increasing the rate of N applied increased percent 
K in forage when K was applied* Where no K was applied fertilization 
with N appeared to cause a K deficiency during the second and third 
growth periods. The K content in forage dropped from an average of 
2.25È to 1.6 and 1.4# respectively for the I50 and 300 pound N treat­
ments rates when no K was added. They also reported that this 
depression was associated with a marked increase in the asparagine 
content of the forage. The fact that abnormally high asparagine levels 
were observed only when the K content of the tissue was relatively low 
indicates that a certain minimum level of K is needed for normal 
N metabolism. In this study, N increased yields at all harvests while 
K increased yield only at the third harvest. 
K application increased the dry-matter yield of smooth bromegrass 
in Alaska as reported by Laughlin and Restad (1964-). They found a 
yield increase due to K when the percent K in the forage was 1.6# or 
less which corresponds very closely to the K percent found in orchard-
grass at which an abnormal asparagine content was observed as reported 
by Griffith et (1964). Laughlin and Restad (1964) also found that 
in general K2S0^ was not superior to KCl as a K source for bromegrass. 
Applied K reduced the N content of the forage only on the second 
harvest of the second year of the experiment. The P content of the 
forage was not influenced by K source or rate. 
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Some findings from a four year study involving N fertilizer rates 
and cutting frequencies on orchardgrass growing on a Sultan silt loam 
soil at Puyallup, Washington are reported by Mortensen et al, (1964). 
The N rates varied from 0 to 300 and 500 pounds of N per acre annually 
with 3 and 5 cuttings respectively. Soil test K was reduced as N 
rates increased even though 97 pounds of K per acre were applied each 
year. N application influenced the uptake of K more than that of any 
other element except N. They also found the lowest level of K 
encountered to be 1«68$(. This was above the critical level of 1.5^ K 
in orchardgrass samples procured from the top node when grass was in 
the 2 to 3 node growth stage. This critical level was established 
from data collected at the station. 
Mortensen e^ (1964) also found that the dry matter response 
was linear up to relatively high N rates, but declined appreciably above 
200 pounds of N per acre with 3 cuttings and above 300 pounds of N per 
acre with 5 cuttings. Also possible toxic levels of NO^-N occurred in 
the forage cut 5 times per season and receiving 100 pounds of N per 
acre per cutting for a total of 500 pounds of N per acre per year. 
Laughlin (1964) evaluated spring and fall application of 3 rates 
of P and K on smooth bromegrass fertilized with 200 pounds of N per 
acre each year. He found no response to P the first year possibly due 
to initial P status of the soil or low soil moisture supply. Each P 
increment (0, 35 and 70 pounds of P per acre) increased yield the 
second year. Addition of P the third year had no effect on yield of 
the first cutting, but yield of the second cutting was increased when 
no K was applied. No explanation of the PK interaction was given. 
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K did not increase yields the first year of the experiment; however, 
the first increment of applied K (33 pounds per acre) significantly 
increased yield the second and third yearso There were no significant 
differences between fall or spring applied P and K. 
Robinson et al, (I962) studied the effect of frequency, time and 
rate of K application to orchardgrass growing on a Hagerstown silty 
clay loam soil low in available K» They found fall or spring applica­
tions of K fertilizer resulted in herbage that was high in K in the 
spring but low in late summer and fall. An annual summer application 
of K greatly reduced the trend toward luxury consumption in the spring 
and K starvation in the fall. By calculating K recovery in the herbage 
plus residual exchangeable soil K they accounted for all of the applied 
K. ]h general, they found that yields of herbage were increased an 
average of 24^ by fertilization with K, 
Kresge and Younts (I962), working on an experiment involving 
alfalfa and alfalfa-orchardgrass, found the most efficient utilization 
of K was obtained when the rates were evenly split and applied in 
early spring and after the first cutting. Efficiency was reflected by 
1, less applied K needed for maximum yield, 2, good K recovery by the 
plant and 3» favorable distribution of K in the plant throughout the 
growing season. 
Recent work involving the effect of K source, rate and frequency 
of application on yield and chemical composition of coastal Bermudagrass 
is reported by Adams et al, (I967). They found that N and P contents 
of the forage were not influenced by K source, rate or frequency of 
application. Also, there were no significant differences between the 
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Cl and sources of K with respect to forage yields or K content at 
the 185 or 740 kilograms per hectare rates of K. However, the K-Ca-
pyrophosphate source produced significantly more forage which contained 
significantly less K than either the CI or SO^ source of K when applied 
April 1 at the 185 kilograms per hectare rate. They attribute the 
higher forage production from the latter source of K to its slower 
solubility and/or to the S added by a gypsum application. 
Adams et 0-9^7) also report that they obtained the optimum 
yield of approximately 15,700 kilograms from 185 kilograms of K applied 
in 4 equal portions - at the initiation of spring growth and after each 
of the first 3 harvests. This also gave them the most efficient K 
utilization. Efficiency was reflected by 1. a more uniform seasonal 
forage distribution and 2. a more uniform K content (average 1.5$) 
throughout the growing season as contrasted with applying all the K in 
the spring. 
The effects on yield and and chemical composition of bromegrass 
grown on Ida soils in Western Iowa by applied N and P were investigated 
by'Mold'enhauer et al. (I965). Yield response to applied P ranged from 
an increase through no change to a decrease among the 9 locations 
studied. N alone increased yields over the unfertilized treatment, but 
yields were less than those where both N and P were applied. Appli­
cations of N increased percent N in the bromegrass in all cuttings in 
both years of the study. The residual effect of applications of 200 
pounds or more of N per acre in 1959 was appreciable in the first 
cutting of i960, slightly observable in the second, and not at all in 
the third cutting of I96O. Without N, applied P had no effect on total 
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N content of the forage. Where 400 pounds of N per acre were applied, 
applications of P generally resulted in higher N percentages. Where 
only 200 pounds of N per acre were applied, applications of P resulted 
in increased percentages of N in the first forage cutting and slightly 
decreased percentages of N in subsequent cuttings. 
The NCy-N content of the forage was also influenced by applied N 
and P. Applications of 100 pounds of N per acre or less always resulted 
in NO^-N values of O.OSJÈ or below. However, application of 200 pounds 
of N per acre markedly increased NO^-N content in the first cutting. 
The 400 pound per acre N rate produced NO^-N percentages as high as 
0,6# which is definitely in the toxic range for livestock. Applications 
of P increased NO^-N content whenever 200 or more pounds of N were 
applied. 
Moldenhauer et (1965) also report that apjxLied P increased 
the percent P in the forage. N applied alone had little effect on P 
content the first year but consistently decreased the P percentage the 
second year. N and P together consistently increased the percent P of 
the forage. In general, the soil at all the experimental sites was 
extremely deficient in N and P, but well supplied with K. 
Applications of P alone had little effect on the percent K in the 
bromegrass as reported by Moldenhauer ©t al. (I965). However, N 
fertilizer alone generally increased the K to values of 2,5 to 3.3#. 
N and P together resulted in further increases for example, the 
average percent K in the first cutting of each year from plots that 
received high rates of N and P fertilizer was approximately 4# and, 
in the second and third cuttings, was about 3# or more. They indicate 
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that the reason for the increase in percent K due to N and P was not 
obvious. 
Results similar to those of Noldenhauer et al, (I965) were found by-
Russell et al, (195^) on a study involving bromegrass in Nebraska, They 
indicated that there was a noticeable increase in K percentage with 
some decrease in percent of Ca and Mjg due to fertilization. However, 
the increase in percent K was greater than the decrease in percent of 
Ca and Mg thus, there was an increase in milliequivalents of total 
cations. 
Singh et al. (1967) studied the long term effects of applied. N, P 
and K to orchardgrass grown on a Davidson clay loam soil in Virginia. 
They found that after two years, the soil was unable to supply an 
adequate amount of K to the grass. An application of 23 kilograms of K 
per hectare was sufficient to meet the K requirements for 3 years, but 
in subsequent years 195^ to I962 a higher rate of K was necessary. 
Their data show that at 171 and 24 kilograms per hectare of applied N 
and P respectively per year, 46 kilograms per hectare of K per year was 
unable to prevent the soil test K values from declining. This was not 
the situation with P. They found that the soil was able to supply the 
P requirement for the initial 5 years of the study and then 12 kilograms 
per hectare of P per year was generally sufficient to meet the P 
requirement of the grass. They attribute this low requirement of P 
partially to the low P requirement of orchardgrass, as was also indicated 
by Kresge and Younts (1963) and Mortensen et al. (1964). Based upon 
the results of this long term study, they concluded that a yield 
response to a given nutrient, say of N, occurred only if adequate 
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araoiants of P and K were applied. 
Other factors 
Changes in the yield and chemical composition of forages are 
primarily accounted for by the factors previously discussed. However, 
there are some additional management factors which can directly or 
indirectly influence yield and chemical composition of forage. 
Mtchell (1967) reports that management treatments which produced 
the most significant yield increases were also those associated with 
highest stand losses. These results were observed from the following 
treatments in their respective order; 1. split applications of N, 
1-inch cut, and irrigation, 2. split application of N, 1-inch cut, no 
irrigation and 3» split application of N, 3-inch cut, and irrigation. 
N hastened spring growth but, perhaps more importantly, it also modified 
the morphology of the plants. Leaf sheaths were elongated and collars 
and apical meristems elevated, with the result that much of this tissue, 
vital to regrowth, was removed by the 1-inch height of out, 
Griffith and Teel (I965) studied the effects of N, K, stubble 
height and clipping frequency on orchardgrass in Indiana, They found 
up to 57/È stand reductions with high N, low K and 2-inch stubble height, 
K helped overcome some of the deleterious effects of low clipping. Di 
early summer, the longest-deferred plots produced greatest yields, 
while during late summer, all clipping systems yielded approximately 
the same. As previously reported by Griffith et al, (1964), they found 
that high N fertilization lowered the total fructose level of the 
orchardgrass stubble during the early part of the growing season. 
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Mortensen et al, (1964) working with irrigated orchardgrass obtained 
more total production from 3 than 5 cuttings across all levels of 
applied N. They also found that less frequent harvesting improved the 
efficiency of N in terms of dry matter production but had little effect 
on crude protein. 
Drake et al. (1963) obtained increased yields of orchardgrass from 
early initial harvest, 3-inch cutting height and 400 pounds of N per 
acre as opposed to later harvest date, lower N rates and 1.5-inch cutting 
height. They also found highly significant interactions between height 
of cut and time of harvest, height of cut and rate of N, and time of 
harvest and rate of N. Their cutting stages were boot stage, full head, 
and full bloom. Regrowth after the first cutting was good on all treat­
ments, however, after the second cuttizig, the full bloom stage had a 
larger number of dead plants. The high N plots evidenced more plant 
injury. From this experiment they concluded that the 3-inch cut left 
more leaves, more growing points, more shade and more carbohydrate 
reserve for faster recovery than did the 1.5-inch cut. 
Stand reduction by N level and defoliation in Kentucky 31 fescue 
appears to be related to morphological stage of growth and season as 
reported by McKee et al. (196?). Stands were reduced at high N levels 
in the spring when the grass was cut at the flowering stage but not if 
cut frequently. Soluble carbohydrates in the stem bases were reduced 
in the presence of high N fertilization. Faster regrowth was obtained 
when N was applied 5 days before clipping or at time of clipping as 
compared with 7 days later. Fast regrowths were associated with 
decreases in organic reserves. 
15 
Pasture Evaluation 
Even though the major emphasis of this study is not being placed 
on the nutritive value of the forage for livestock consumption, one 
must be aware that if forage production is to be an economic activity 
then the consmier must be kept in mind. Therefore, a brief discussion 
of the nutritive value of forages and the conversion of forage into 
animal production will be considered, 
Reid et al. (1959) indicates that the quality of forage depends 
upon the rate at which it is consumed and its energy value per unit of 
weight. The date at which first-growth forage is harvested is the major 
known determinant of the intake and digestibility of forage by ruminants. 
They found that the relationship between the time of cutting in days 
elapsing after April 30 (X) until July 12 and the percentage of dry 
matter digestible (DDM) (Y) in first-growth forage could be predicted 
by the equation: Y = 85.0 - 0.48 X, The standard error of estimate was 
1.65# DDM. They also found that as aftermath forages approach maturity, 
their DDM value declines much more slowly than that of first-growth 
forage. Regardless of its stage of growth, aftermath forage has a 
lower DDM value than first-growth forage harvested prior to June 10 
in the northeastern states. High rates of N fertilization and irriga­
tion did not affect the DDM value of aftermath forages. Reid et al. 
(1966) evaluated the effect of different levels and sources of N 
fertilizer on the composition, intake, digestibility and palatability 
of orchardgrass by hay feeding trials with sheep and rabbits and in a 
fall grazing study with sheep. They found that neither level nor 
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soTirce of N affected ad libitum consumption of first out hay. Also, 
levels of applied N from 0 to 448 kilograms per hectare as urea 
increased protein digestibility by sheep in the first and second 
cuttings, had no effect on dry matter or cellulose digestibility in 
the first cutting, but increased diy matter and cellulose digestibility 
in the regrowth hay, ]h a fall grazing trial, in which sheep were 
given free access to plots having all N treatments, they showed highest 
intakes on herbage fertilized with higher levels of N. 
Reid et al,' (1966) also found that the source of N, i,e,, whether 
from sodium nitrate, ammonium nitrate, ammonium sulfate, diaramonium 
phosphate or urea applied at 112 kilograms per hectare caused no 
apparent changes in the level of any of the plant constituents examined 
in either the first or second cuttings. Analysis for the following 
constituents were given; K, P, Ca, Mg, Na, Si, Mn, Fe, B, Cu, Pn, 
Al, Sr, Mo, Co, Ba, cellulose, acid-detergent fiber, acid insoluble 
lignin, cell-wall constituents, soluble carbohydrate, nitrate, crude 
protein and ash. 
Blaser (1964) summarizes the effect of maturity and fertilization 
on nutritive value of forage. He states that reduced feeding values 
with advances in growth stage are attributed to 1, decreased consumption 
and 2, decreased digestible energy. The reductions in digestible 
energy are associated with 1. increases in structural carbohydrates and 
lignification, 2. reduction in soluble carbohydrates in some forages 
and 3* & reduction in digestible protein when it is used for energy. 
Nitrogen fertilization improves the protein content and its 
apparent digestibility, but the cellulose or crude fiber content and 
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lignification are not generally altered as reported by Blaser (1964). 
The soluble carbohydrates (sugars and starch or fructosan) are reduced 
in forages with added nitrogen. Thus, the TDN and/or digestible energy 
of grass forage is not appreciably altered by N fertilization. 
Reid, Jung and Kinsey (I967) studied the nutritive quality of 
orchardgrass fertilized at four nitrogen levels (0, 56» I68 and 504 
kilograms per hectare) and either free-grazed or zero-grazed by sheep 
at four periods of the year (May, June, September, and March), They 
found that the estimated consumption of orchardgrass by grazing sheep 
tended to decline from period to period however increasing rates of N 
increased intake regardless of period, A comparison of the intake of 
digestible dry matter by sheep under the free-grazing or the zero-grazing 
systems indicated significantly higher values for the grazing animals 
in the May, September and March growth periods. 
The influence of fertilizer treatment and growth stage on the com­
position and nutritive value of tall fescue grazed or fed as cut herbage 
to sheep was examined in first growth and regrowth pasture by Reid, 
Odhuba and Jung (I967). The complete herbage and mineral composition as 
influenced by stage of maturity and fertilization is given. In general, 
crude protein content increased with N fertilization and declined with 
maturity. Conversely, the plant content of acid-detergent fiber, 
acid-insoluble lignin and cell-wall constituents increased with maturity 
but were depressed by higher levels of N. The major changes in mineral 
composition attributable to growth stage or fertilizer treatment were 
obtained with P, K and Ca. The percent DDM and intake by sheep for 
fescue was similar to that which they found for orchardgrass (Reid, 
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Jung and Kinsey, I967) in that higher rates of N were superior to 
lower rates. 
Martz et al. (I967) evaluated the performance of twenty lactating 
Guernsey cows fed orchardgrass hay that had received the following 
treatments (all in kilograms per hectare): P (98.5)» P and K (98.5 and 
186), N and P (112 and 98.5) and N, P and K (112, 98.5 and 186). The 
average daily dry hay intake was 1.10, I.06, 1.14 and 1.00 kilograms 
per 100 kilograms body weight for the treatments P, P and K, N and P, 
and N, P and K respectively. Consumption of the hay receiving applied 
N, P and K was significantly less than the other hays at the 5^ level; 
however there were no significant differences in the daily production of 
fat corrected milk. 
As was previously pointed out, one objective of this study was to 
obtain an estimate of the beef production from orchardgrass as influenced 
by rates of applied N, P and K. Mott (I966) points out many of the 
factors involved in attempting to evaluate forage production. In an 
experiment involving a large number of treatments, time, money and 
physical factors prohibit the use of live animals. Since the use of 
grazing animals is impractical, the only recourse is to use a conversion 
factor for converting pounds of forage to pounds of beef. 
Ahlgren (19^7) summarized some of the problems involved with con­
verting forage yields from clipping studies into pounds of beef. He 
points out that animals graze preferentially and thus affect the sward 
in a manner which cannot be duplicated mechanically. However, in a 
summary of the clipping method he concludes that most investigators 
report that results based on clipping trials that simulate grazing 
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approximate those obtained in grazing during the first few years. 
More recent work has been done by Schultz et (1959) in which 
they measured beef gains and forage yields for several years from three 
grazing experiments at different locations in Alabama, They found that 
annual beef gain per acre was related to annual forage production per 
acre. The relationship was quadratic and can be used to estimate 
differences in annual beef gain per acre among treatments evaluated as 
to forage production under grazing conditions in the same experiments. 
They found the efficiency of the forage was such that up to 5»000 
pounds of oven dry forage per acre, an average of l6,4 pounds were 
required to produce a pound of beef from 0 to 10,000 pounds of oven 
dry forage per acre it required an average of 18,8 pounds per pound of 
beef and from.0 to 15»000 pounds of forage it required an average of 
22.4 pounds per pound of beef, Moldenhauer et (19^5) used conver­
sion ratios of 15:1, 20:1, and 25:1 (pounds of oven dry forage to 
produce a pound of beef) and different combinations of beef prices to 
calculate possible returns per acre from bromegrass fertilized with N 
and P, The conversion ratios were within the ranges found at the 
southern Iowa experimental farm as reported in the Shelby-Grundy Experi­
mental Farm annual progress report for I963, 
Nitrate Accumulation 
That applied inorganic fertilizers can increase forage yield as 
well as percent protein, N, P, K and other elements has been cited 
previously. However, in considering the application of inorganic 
fertilizers to forage grasses, the hazards as well as beneficial effects 
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must be taken into consideration. Undoubtedly, the most pressing 
hazard connected with optimim production from forages by the use of 
inorganic fertilizers is the accumulation of toxic levels of nitrate 
by the forage crop. Accumulation of nitrate by plants has been 
recognized for some time Mayo (1895)» Bradley et (1940), Whitehead 
and Moxon (1962), Hanway and Englehorn (1958) and Brown and Smith 
(1966). Comprehensive coverages on the subject of nitrates in relation 
to plants and animals have been compiled by Hanway et al, (I963) and 
Wright and Davison (1964). 
It is not the purpose of this study to investigate the factors 
involved in the accumulation of nitrate by orchardgrass. However, as 
has been previously pointed out, N fertilizer plays a dual role in 
that it is probably the nutrient most likely to limit maximum forage 
production while simultaneously accounting for accumulation of toxic 
amounts of MCy-N where they occur. The problem then becomes one of 
how to combine W, P and K fertilizers in order to produce the maximum 
amount of consumable forage. 
Chloride-Nitrate Relationship 
The majority of the research reported on in the literature con­
cerning the chloride anion deals with cations and anions of P and S 
compounds. 
Bear (1950) found that topdressing alfalfa with 300 pounds KCl per 
acre lowered the protein content of alfalfa. He states that if 
chloride is applied to soils as KCl it tends to substitute for N+S+P 
thus lowering protein content. Bear (I950) cites work by Truog et al. 
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in which they state that heavy applications of KCl will result in 
lowering the uptake of both Mg and P, But absorption of N as 
rather than as NO3, tends to decrease the uptake of Mg and increase 
that of P. 
Younts and Musgrave (1958) report on work of Shestakov and 
Shvwidenkov in which they found that flax, sunflowers and potatoes 
absorbed chloride in a linear relationship to the rate of application 
while P content decreased as a result of increased chloride applications. 
Addition of chloride resulted in decreasing the number of milli­
grams N in 100 grams of plant material for 6 of 11 plant species 
studied by Kretschmer, et al. (1953). They indicate that addition of 
chloride to the substrate generally resulted in dilution of N content 
of plants through increased yields rather than in reduction of total 
amount of N absorbed. 
P content of potatoes grown in nutrient solution was decreased by 
200 and 400 ppm chloride rates but not by the 6OO ppm rate as reported 
by Corbett and Gausman (19^0). 
Seatz ^  (1958) applied anion levels equivalent to 150, 300, 
600 and 900 pounds of chloride per acre as chloride, SQ^ and CO^ to 
corn grown in pot experiments, and observed no significant differences 
in P content of the corn. 
Buchner (1951) found that for bush beans and buckwheat increasing 
the NO^ supply reduced the chloride uptake, while the N and P contents 
of the plants were not changed by increasing the soil chloride level, 
Ihe mineral content of potato leaves was affected both by form of 
N (NH^ and NCy) and by chloride and SO^ concentrations as reported by 
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Harward et (1956). They also found that the chloride content of 
the leaves was markedly increased in the presence of as compared 
to NO^. 
The influence of source and rate of K fertilizers on the absorp­
tion of P, %, N and chloride and the presence of NO^ in corn was 
studied by Younts and Masgrave (1958). Di pot experiments, KCl 
depressed the NO^ content of corn over that of KgSO^ij, when applied at 
180 pounds per acre. Total N uptake was depressed by high chloride 
rates; however, this effect was associated primarily with NO^-N 
differences. Chloride did not affect K uptake. Under field conditions, 
high rates of chloride had little effect on the percentage of other 
elements in corn leaf tissue, 
N, P and K contents and forage production of coastal Bermudagrass 
were not influenced by the chloride or SO^ source of K in work reported 
by Adams et (196?). They found that by splitting the 185 kilogram 
rate of KCl into four equal applications, the chloride content of the 
forage was significantly increased. 
Carter and Lathwell (196?) found the uptake of P^^ by 20 day old 
intact corn seedlings grown in water culture containing 260 micro 
molar KHgPO^ and 1 milli M KCl (KCl concentration approximately 3,8 
times the K^H POj^) was not influenced by the KCl. They also found no 
influence on P uptake by excised corn roots exposed for half an hour 
to solutions ranging from 1 to 256 micro molar KH2P0zj. with and without 
0.1 M KCl. 
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Yield Equations 
There is no doubt that forages as well as other crops respond 
to applied nutrients. The problem is to relate yield (dependent vari­
able) to applied nutrients, soil factors, etc. (independent variables) 
in order to develop useful functional relationships. As pointed out by 
Pesek (196^)» producing agricultural crops is an economic activity. 
Production economics is involved with determination of the most profi­
table combination of resources for single or multiple enterprise 
systems. The optimum solution for limited resources and capital situa­
tions is one at which the marginal returns are all equal. The marginal 
return and marginal physical product depend on a yield equation. Thus, 
an agronomic yield equation or production function or a response 
equation which relates yield to the environment and variable manage­
ment factors is needed. An extensive review of mathematical functions 
used to relate crop yields to these variables has been compiled by 
Voss (i960). Heady and Dillon (I96I) also present a discussion on 
forms of production functions. 
Heady et al. (1955) evaluated several functions for describing 
yield response to applied fertilizer. From the economic consideration 
of the functions, the exponential and logarithmic had some serious 
limitations, however, the quadratic and square-root functions employed 
were more desirable. A study involving predictions of production 
functions, isoquants, isoclines, and economic optima for fertilization 
of corn on three soil types in Iowa is reported by Broxm et al. (1956). 
These experiments involved N, P and K as applied nutrient variables. 
Production surfaces for forage grasses where yield is related to 
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applied fertilizers or chemical composition and chemical composition 
related to applied fertilizers are not as numerous as for grain pro­
duction, Walker (I96I) developed production surfaces for bluegrass and 
bromegrass as influenced by applied rates of N, P and K. He also 
related yield to chemical composition, and chemical composition to 
applied fertilizer. 
Moldenhauer et al. (I965) developed production equations for brome­
grass fertilized with rates of N and P. They used a procedure developed 
by Pesek and Heady (1958) to evaluate the maximum returns per dollar 
invested as well as the maximum returns per pound of fertilizer 
applied. 
Research has shown that soil type and inherent fertility of a 
location can influence the yield response from applied fertilizers, in 
experiments involving more than one location. Therefore, the possi­
bility of a different response function at each location exists. Jensen 
and Pesek (1959) developed a means to generalize the response function 
over locations. They assumed the same functional relationship was 
present at all locations, but that a different portion of the curve was 
observed at each location. The initial soil level of the nutrient is 
expressed in units of the applied nutrient thus having one equation to 
explain the yield response over all initial levels of the nutrient, 
Voss (i960) demonstrated some limitations to this approach and that 
other uncontrolled factors interact to change the shape of the curve 
from location to location. Walker (I96I) also points out that different 
initial fertility levels of the soil can result in different response 
curves and different forms of the response equation. 
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Pesek (1964) points out that at each location yield is a function 
of controlled and uncontrolled variables. The controlled variables 
are those selected by the experimenter and are usually measured with 
small error. The uncontrolled variables such as weather and soil test 
values which are inherent to the location and are usually measured 
with larger error. He proposes measuring factors which characterize 
each location among and between years and then using these data in a 
multiple regression equation to fit the combined data. The resulting 
equation to be used for determining fertilizer needs by applying 
economic analysis previously discussed. 
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EXPERIMENTAL FLANS AND PROCEDURES 
nhe experiments in this study were located in Southern Iowa 
because the objectives of this study were to develop yield response 
equations to applied fertilizer for orchardgrass, and the majority of 
the pasture land is in this area. In order to have the experimental 
sites cover a range of soil and climatic factors, they were located in 
Davis, Madison and Polk Counties, A suitable location for the variety 
study was found at the Shelby-Grundy Experimental Farm in Ringgold 
County, 
Experiments and Treatments 
Variety study 
The variety study was located on a Grundy silty clay loam soil at 
the Shelby-Grundy Experimental Farm at Beaconsfield, The site was 
fairly uniform, however, one replication had a slope of Ijê and the other 
a slope of approximately 4^, The soil of one replication tends to 
grade into a Haig silty clay loam but the over all site is better 
described as a Grundy silty clay loam. Oschwald et |^, (1965) describe 
the Grundy soils as moderately well to somewhat poorly drained and they 
occur on gentle slopes below ttie Haig soils, Ihe predominant slope 
range of Grundy soils is 2 to 8 percent, and their surface layer is a 
black silt loam or silty clay loam, 8 to l4 inches thick. The subsoil 
is a moderately slow to slowly permeable, yellowish brown and gray 
silty clay. 
The experimental design was a split plot with two replications. 
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N rates were the whole plots and varieties were the sub-plots. Three 
rates, 0, 180 and 36O kilograms per hectare were randomly allotted 
to the whole plots. The initial N rates were uniformly hand spread 
over the whole plots on 1 April I966, Half the initial rates (90 and 
180 kilograms per hectare) were applied to the whole plots at the 
time the first forage harvest was taken (31 May I966 for 1? of the 
early maturing varieties and 7 June for 6 late maturing varieties). 
Thus, a total of 270 and 540 kilograms per hectare of N was applied 
each year. Di I967, the first N application was made on 4 April and 
the second on 7 June. 
Each subplot was 15 feet long and 6 eight inch rows wide. The 
subplots were planted to selected varieties of orchardgrass with a 
Planet Junior hand planter into a well prepared seedbed on 10 August 
1965» The planting rate was approximately 12 pounds per acre. Seed 
for the different varieties was obtained from Dr. Irving Carlson, 
Iowa State Ifriiversity, the Regional Plant Introduction Station, Ames, 
Iowa, and from USDA Forage and Range Research Branch, Beltsville, 
Maryland. Excellent stands were obtained the seedling year. 
The twenty-three varieties selected and their maturity range are 
shown in Table 1. Varieties recommended for Iowa were included in the 
test. The other varieties were selected on the basis of yield poten­
tial and winter hardiness as reported in the files of the Regional 
Plant Introduction Station, Ames, Iowa. 
Forty to fifty gram "grab samples" were taken during the growing 
^Elements will be designated by their chemical symbol. 
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Table 1, Orchardgrass varieties with their respective maturity ranges 








PI 257268 L 
VA-58-V-1 M 
Danish - M 
Pennmead M 
PI 231612 M 
PI 199245 M 







Wisconsin 52 E 
Dayton E 
Napier E 
PI 202697 E 
PI 237174 E 
â/i = Late M = Medium E = Early 
season as well as samples from each forage harvest. The samples were 
dried, ground and stored in glass bottles for analysis» The grab 
samples were analyzed only for NO^-N. 
In addition to NO-j-N, the samples from the forage harvests were 
also analyzed for total N, P and K« 
The plots were cut with a National mower with shoes attached to the 
cutter bar so that the cutting height was near 4 inches. 
29 
Composite soil samples from each replication were taken to a 
depth of four feet (120 centimeters) in the spring of 1966 and 196?. 
Tests for ammonifiable nitrogen, available phosphorus and exchangeable 
potassium were made by the Iowa State University Soil Testing Labora­
tory, Soil test results are shown in Table 2. Weather data for the 
Experimental Farm at Beaconsfield for I966 and 196? are shown in 
Table 3« 
Fertilizer rate studies 
In line with objectives previously stated, experiments involving 
rates of N, P and K were initiated on established stands of orchard-
grass (Dactylis glomerata). In further discussions these experiments 
will be referred to as NPK studies. 
A 7x7x7 central composite design used by Walker (I96I) and Vander-
lip (1965) seemed appropriate because these NPK studies had objectives 
of determining amounts of N, P and K to use for economic forage 
production plus monitoring the NO^-N content of the forage. In 
addition to the 23 combinations of N, P and K in the original design, 
9 of the treabments (those containing 120 and 180 kilograms per hectare 
of N) were reapplied at the time the first harvest was taken. In 
1967 the 23 original treatments were applied to the same plots. On the 
9 extra treatments, only the N was applied. îhe rates, treatment 
numbers and coded values for the NFK studies are shown in Table 4. Each 
treatment was randomly assigned to a 5 by 15 foot plot in two replica­
tions. The same randomization plan was used for all site locations. 
An 3 locations were established in the spring of 1966. Prior to 
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Table 2. Soil test results for pH, ammonifiable nitrogen, available 
phosphorus and exchangeable potassium for composite samples 















1966 1967 1966 196? 
Zero N 0- 15 7.0 7.3 24 43 48 44 218 239 
15- 30 6,8 7.0 18 11 24 26 137 98 
30- 60 6.0 606 14 7 13 10 106 55 
60- 90 6.1 6.6 8 9 15 14 77 43 
90-120 6.4 6.6 4 4 19 15 70 53 
180 N 0- 15 7.0 7.3 24 44 48 39 218 152 
15- 30 6.8 7.0 18 17 24 24 137 91 
30- 60 6.0 • 6.6 14 17 13 11 106 65 
60- 90 6.1 6.5 8 12 15 18 77 45 
90-120 6.4 6.5 4 4 19 19 70 42 
360 N 0- 15 7.0 6.8 24 26 48 28 218 144 
15- 30 6.8 6.7 18 18 24 19 137 79 
30- 60 6.0 6.3 14 11 13 10 106 61 
60- 90 6.1 6.4 8 6 15 11 77 47 
90-120 6.4 6.5 4 3 19 15 70 51 
2/soil test values reported as pp2m. 
applying the fertilizer, the entire plot area was mowed and raked, A 
soil sample from the upper 6 inches was taken from each individual plot 
and composite samples were also taken in 6-inch increments from each 
replication to a depth of 4 feet. Soil test results for Davis, 
Madison and Polk Counties are shown in Table 5» Weather data for Davis 
County is shown in Table 6 and in Table 7 for Madison and Polk Counties. 
Fences were built around the Davis and Madison oounty sites to keep 
livestock out of the plot area. The fertilizer treatments were uni-
formally hand spread on the individual plots. 
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Table 3» Monthly precipitation, average temperature and departures 
from normal, April 1 to October 31» 1966 and 196? respectively 
for the variety study at the Shelby-Grundy Experimental Farm 
Precipitation (Cm) Temperature (°F,) 
Actual ^ Departure / Actual ^ Departure , 
from normal—' from normal-^ 
April 7,26 -0.05 47.7 -3.2 
May 9.65 -0,18 58.7 -2.9 
June 18.14 4.70 68.8 —0,1 
July 11.96 4.50 76.9 0,0 
August 6.27 -5.56 69.2 -5.2 
September 3.03 -6.27 62,5 —3.6 
October 3.84 -1,88 54.0 —1.4 
Total 60.15 -4,74 Av, 62.5 -2.3 
April 7.95 0.64 53.0 2.2 
May 9.12 -0.71 57.0 -4.3 
June 23.80 10.36 68.8 -2.7 
July 4.62 -2.81 71.8 -5.0 
August 2.31 
-9.53 70.2 -4.2 
September 5.18 -4.11 - 62.0 -4.3 
October 9.07 3.35 51.8 -3.9 
Total 62.05 -2.81 Av." 62.1 -3.2 
^Departures from normal are based on the 30-year (1931-1960) 
normals at Mount Ayr weather station. 
Grab samples of 40 to 50 graiis (dry weight) were taken at all 
locations during the two growing seasons. Forage yields were cut from 
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Table 4. Fertilizer rates, treatment numbers, coded values and ran­
domizations for all NPK study sites 
Treat­
ment 




1 120 .1)^ 28 -1) 70 -1) 110 215 
2 120 -1) 28 -1) 140 1) 130 220 
3 120 -1) 56 1) 70 -1) 109 222 
4 120 -1) 56 1) 140 1) 107 217 
5 240 1) 28 -1) 70 -1) 101 228 
6 240 1) 28 -1) 140 1) 116 208 
7 240 1) 56 1) 70 -1) 105 204 
8 240 1) 56 1) 140 1) 123 202 
9 180 0) 42 0) 105 0) 115 201 
10 60 -2) 42 0) 105 0) 102 205 
11 • 300 2) 42 0) 105 0) 106 221 
12 180 0) 14 -2) 105 0) 122 209 
13 180 0) 70 2) 105 0) 104 214 
14 180 0) 42 0) 35 -2) 127 • 226 
15 180 0) 42 0) 175 2) 124 225 
16 0 -3) 0 -3) 0 -3) 131 212 
17 0 -3) 0 -3) 210 3) 111 227 
18 0 
-3) 84 3) 0 -3) 120 216 
19 0 -3) 84 3) 210 3) 125 210 
20 360 3) 0 -3) 0 -3) 112 224 
21 360 3) 0 -3) 210 3) 103 229 
22 360 3) 84 3) 0 -3) 117 231 
23 , 360 3) 84 3) 210 3) 114 218 
24£/ 120 -1) 28 -1) 70 -1) 119 211 
25 120 -1) 28 -1) 140 1) 108 232 
26 120 -1) 56 1) 70 -1) 132 213 
27 120 -1) 56 1) 140 1) 121 207 
28 180 0) 42 0) 105 0) 118 203 
29 180 0) 14 -2) 105 0) 129 219 
30 180 0) 70 2) 105 0) 128 206 
31 180 0) 42 0) 35 -2) 113 230 
32 180 0) 42 0) 175 2) 126 223 
2/Rates of N, P and K in kg/ha (kg/ha x ,892 = lbs«/aore). 
^Coded values. 
2/Treatments 24 to 32 applied in spring and after first cutting. In 
1967 only the N was applied in spring and after first cutting. 
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Table 5» Soil test results ammonifiable N, available P, exchangeable K 
and pH for each plot, NPK studies, Davis, Madison and Polk 
Counties 
NppZnr^ Ppp2m Kpp2m pîî 
number 1966 196? 1968 1966 1967 1968 1966 196? 1968 1966 196? 1968 
REP I DAVIS 
1 33 66 64 19 17 29 341 194 180 7.0 7.0 7.1 
2 40 73 59 13 23 19 260 195 162 7.0 7.0 7.1 
3 65 80 50 14 .23 31 300 194 158 6.9 7.0 7.0 
4 51 86 65 14 25 34 332 279 180 7.1 7.1 7.1 
5 27 76 69 11 15 19 237 161 153 6.7 7.0 7.0 
6 54 73 54 17 17 18 274 241 167 6.8 7.2 7.3 
7 64 64 58 13 16 33 280 146 no 7.0 7.0 7.0 
8 74 84 48 14 32 27 260 252 183 7.1 6.9 7.1 
9 77 68 60 20 23 34 317 219 1# 7.0 7.2 7.4 
10 56 86 82 18 17 27 265 183 178 6.9 7.0 7.1 
11 6l 57 71 14 16 26 287 151 131 6.9 7.0 7.1 
12 55 77 75 13 16 15 246 202 163 6.9 7.0 7.0 
13 80 69 76 13 14 36 273 192 142 7.0 7.1 7.0 
14 48 87 60 14 31 36 209 164 154 7.0 7.1 7.1 
15 62 77 68 15 22 27 262 280 210 7.0 7.0 7.0 
l6 56 80 68 14 14 18 235 230 181 7.0 7.0 7.1 
17 64 75 75 25 15 24 450 322 442 7.0 7.0 7.1 
18 25 73 47 13 28 41 265 216 144 6.7 7.0 7.1 
19 58 74 72 14 35 62 230 289 241 6.9 7.1 7.2 
20 69 79 68 26 17 23 268 150 113 6,6 7.1 7.2 
21 96 71 76 15 11 14 378 285 221 6,8 7.0 7.0 
22 45 64 40 11 34 28 270 169 91 6,7 6.8 7.2 
23 68 74 60 119 136 159 317 204 172 6.9 7.2 7.2 
24 32 78 40 14 20 16 242 190 125 6,8 6.9 7.0 
25 62 59 56 15 19 20 324 263 170 7.0 7.0 6.9 
26 70 97 56 14 43 33 278 244 119 6.9 7.0 7.1 
27 30 80 57 12 52 33 300 296 121 6.8 6.9 6.9 
28 40 67 68 13 25 25 261 208 130 6.8 6.8 6,8 
29 39 78 66 14 20 17 262 234 135 7.0 7.1 6,6 
30 62 80 63 15 32 33 283 252 98 7.1 7.2 7.1 
31 69 71 58 27 42 42 326 183 111 6.7 7.1 7.2 
32 62 77 53 15 22 27 237 280 121 7.0 7.0 7.0 
^An results are for 0-15 centimeter depth (0-6 inches). 
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Table 5 (Continued) 
Npp2m Ppp2m Kpp2m pH 
number 1966 196? 1968 1966 196? 1968 1966 196? 1968 1966 196? 1968 
REP U DAVIS 
1 76 88 63 15 14 22 270 255 160 7.1 7.2 7.2 
2 71 73 58 10 14 l6 197 177 140 6,6 6.8 6.9 
3 72 85 55 11 27 32 305 194 125 6.7 6.7 6.8 
4 60 83 77 10 19 33 358 216 170 6.8 6.8 6.8 
5 75 81 64 14 15 23 270 200 142 6.9 7.1 7.2 
6 47 87 51 13 14 24 270 180 191 6.9 6.9 6.9 
7 57 80 60 13 22 32 250 148 137 6.9 6.8 6.9 
8 59 77 47 12 21 27 244 173 116 6.9 6.9 6.9 
9 69 88 47 11 21 28 395 221 153 6.9 7.0 6.9 
10 58 92 65 13 17 38 244 208 185 6.9 6.9 7.1 
11 66 77 43 11 17 25 251 185 111 6.7 6.8 6*6 
12 37 82 75 13 12 26 270 211 155 6.9 6.9 7.0 
13 82 77 66 15 22 38 282 226 158 7.2 7.1 7.3 
14 66 101 65 13 24 22 230 178 134 6.9 7.0 7.1 
15 58 77 64 13 17 24 271 246 202 6.9 6.7 6.9 
16 74 78 70 14 13 18 290 191 180 7.1 7.1 7.3 
17 60 91 66 13 12 12 300 369 407 6.8 7.1 7.2 
18 69 83 65 14 37 55 290 180 155 7.0 7.0 7.3 
19 70 97 77 12 16 60 320 276 320 6.8 6.6 7.0 
20 85 91 64 12 15 14 233 159 95 6.9 6.7 6.7 
21 62 81 77 16 11 13 265 279 310 7.0 6.8 6.9 
22 73 93 60 14 33 41 317 144 106 7.0 6.9 7.0 
23 56 87 45 10 27 35 232 231 140 6.9 6.6 6.5 
24 76 113 76 14 18 25 247 200 102 6.9 7.0 7.2 
25 68 78 78 16 25 23 346 219 167 7.1 7.0 7.2 
26 78 87 71 14 44 40 230 192 100 7.1 7.1 7.3 
27 49 77 42 12 45 27 240 228 130 6.8 6.9 7.1 
28 65 88 64 13 21 42 277 224 131 6.9 6.8 6.8 
29 74 97 60 11 16 15 318 276 170 6.9 6.6 6.4 
30 62 90 50 12 38 39 258 149 121 6.8 6.8 6.5 
31 64 87 70 13 27 24 250 133 92 7.0 7.0 7.2 
32 84 78 60 12 28 27 220 223 150 6.8 6.6 6.5 
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REP I MADISON 
1 52 85 21 22 518 490 6.0 5.9 
2 53 88 13 13 385 474 6.0 5.8 
3 61 101 17 28 483 521 5.7 5.9 
4 56 88 14 36 446 572 6.0 5.9 
5 58 97 14 17 392 362 5.7 5.9 
6 83 83 14 18 405 401 5.8 5.8 
7 74 71 14 26 522 375 5.9 5.8 
8 60 96 19 29 502 494 6.0 5.8 
9 72 104 18 23 4l6 420 6.0 5.9 
10 72 95 15 28 430 479 5.8 5.9 
11 62 69 12 26 506 444 5.9 5.7 
12 75 93 23 19 490 472 5.9 5.7 
13 61 94 15 23 475 487 5.8 5.8 
14 75 97 15 42 442 432 5.9 5.8 
15 62 88 18 21 542 662 5.9 5.9 
16 54 74 12 9 402 448 5.9 5.9 
17 38 98 18 19 476 832 5.9 5.8 
18 55 106 26 60 544 508 6.1 5.9 
19 71 116 18 46 531 658 6.0 5.9 
20 93 96 19 14 432 369 5.8 5.8 
21 56 77 13 16 400 433 5.9 5.8 
22 69 72 19 33 420 246 5.9 5.7 
23 93 82 26 30 474 402 6.1 5.8 
24 90 119 23 36 539 461 5.9 5.9 
25 54 94 17 33 439 666 5.6 5.8 
26 63 65 11 27 316 313 5.9 5.8 
27 92 103 24 63 563 588 5.9 5.9 
28 65 95 21 36 530 387 5.9 5.8 
29 64 85 21 16 435 546 5.9 5.6 
30 60 98 13 56 426 477 5.9 5.7 
31 90 87 20 43 453 341 6.1 5.8 
32 75 109 18 48 545 582 5.9 5.8 
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Table 5 (Continued) 
ment Npp2ra Ppp2m Kpp2m pH 
number 1966 196? 1966 196? 1966 196? 1966 196? 
REP H MADISON 
1 84 95 16 23 481 420 5.9 5.9 
2 71 80 18 15 587 487 5.9 5.9 
3 71 68 19 21 590 420 6,0 6.0 
4 70 102 18 37 526 550 6.0 5.9 
5 86 50 12 10 505 313 5.9 5.9 
6 71 75 15 15 622 471 6.1 5.7 
7 68 86 l6 24 483 367 6.1 5.9 
8 77 84 14 26 480 399 6,1 6,0 
9 71 87 12 l6 472 344 6.0 6.0 
10 81 94 17 27 564 516 6,0 6,0 
11 66 54 19 28 554 437 6,0 5.8 
12 77 94 17 13 507 406 5.9 5.9 
13 85 97 17 40 505 399 5.9 5.9 
14 71 56 13 l6 470 389 5.6 5.9 
15 76 66 15 16 517 463 6,0 6,0 
l6 62 94 16 14 570 485 6.0 6,0 
17 75 58 12 11 598 620 6,0 6,0 
18 83 103 16 26 529 442 6,1 6,0 
19 95 105 18 44 497 564 6.0 5.9 
20 64 71 12 13 573 393 5.9 5.8 
21 62 46 10 8 496 498 5.9 5.6 
22 70 57 9 20 427 241 5.9 5.8 
23 73 95 17 33 545 504 5.9 5.7 
24 96 97 15 30 545 468 6.0 5.8 
25 70 55 9 27 434 461 5.8 5.7 
26 98 105 17 34 605 546 6,1 5.8 
27 84 89 16 42 555 55^ 5.9 5.8 
28 67 86 15 35 522 458 60I 5.8 
29 57 93 16 16 552 620 5.9 5.8 
30 76 96 18 68 543 439 5.9 5.8 
31 63 57 10 20 430 241 5.9 5.8 
32 72 75 18 42 521 562 5.9 5.8 
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Table 5 (Continued) 
Treat- Npp2m Ppp2ra KppZm pH 
ment I966 I966 I966 I966 
number REP I REP H REP I REP U REP I REP H REP I REP H 
POLK 
1 73 82 89 115 284 283 6.9 6,6 
2 47 59 94 140 325 380 6.7 6,6 
3 74 58 78 120 273 283 6.8 6,6 
4 81 67 76 94 272 283 6.7 6.6 
5 55 80 65 100 226 348 6.5 6,6 
6 47 67 88 79 273 288 6.9 6,6 
7 60 52 76 60 214 272 6.6 6.7 
8 52 47 96 55 270 229 6.7 6,6 
9 69 65 84 75 300 240 6.8 6.7 
10 63 50 62 65 234 224 6.6 6.5 
11 60 60 63 122 241 329 606 6,6 
12 46 58 86 125 308 337 6.6 6,6 
13 69 54 76 90 234 280 6.7 6.7 
14 65 78 110 105 269 290 6.6 6,6 
15 43 73 83 no 285 324 6.6 6,6 
16 47 51 112 80 268 239 6.7 6.7 
17 65 81 112 93 299 318 6.7 6.7 
18 62 73 140 86 326 271 6.7 6,6 
19 45 59 83 125 260 345 6.7 6,6 
20 65 41 125 84 260 264 6.8 6.7 
21 67 60 74 107 262 315 6.4 6,6 
22 •70 69 79 120 244 337 6.6 606 
23 71 52 100 107 287 339 6.9 6,6 
24 66 62 127 120 383 335 6.6 6,6 
25 65 56 83 112 271 274 6.8 6,6 
26 64 53 135 132 298 278 6.6 6,6 
27 56 80 130 74 280 264 6,6 6,6 
28 46 47 85 54 301 215 6.6 6.7 
29 47 62 83 127 296 315 6.7 6.6 
30 52 60 93 86 298 246 606 6.6 
31 71 81 94 125 307 294 6.8 6,6 
32 38 48 130 93 288 243 6.6 6,6 
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Table 6, Monthly precipitation, average temperature and departures 
from normal, April 1 to October 31, 1966 and 196? respectively 
for the Southern Iowa Experimental Farmâ/ 
Precipitation(cm) Temperature(op.) 
Departure , Departure , 
Actual from normal» Actual from normal^/ 
April 7.34 - .51 
1966 
50.6 - 2.7 
May 7.42 -2.82 66.9 - 9.0 
June 11.43 -1.98 70.6 — 2*1 
July- 8.64 - .03 74.9 2.3 
August 3.71 -6.12 72.5 - 4.0 
September 5.49 -3.18 63.3 - 1.1 
October 6.35 .61 
Total 50.38 -6.25 
April 9.63 1.78 
1967 
52.3 .6 
May 11.33 1.09 57.6 - 5.2 
June 13.44 .03 70.1 — 2.4 
July 3.66 -5.00 73.2 - 4.0 
August 3.35 -6.48 69.9 - 5.4 
September 15.16 6.50 63.4 
- 3.5 
October 21.31 15.57 52.8 - 3.2 
Total 77.88 13.48 
Sj The Davis County NHC study is located 2 miles from the farm. 
-/Departures from normal are based on the 30 year (1931-1960) 
normals at the Ottumwra airport weather station. 
^AU temperature data are from the Ottumwa airport weather station. 
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Table ?• Monthly precipitation, average temperature and departures 
from normal, April 1 to October 31» 19^6 and 196? respectively 
for Madison and Polk Counties NFK studies f
Precipitation(cm)â/ Temperature ( °F. )â/ 
. ^ , Departure ^ ^ Departure 
Actual ^ Actual ^ -, 
Madison 
Co.i/ 




May 13.64 3.30 57.7 —2.9 13.23 
June 13.26 1.29 70.4 - .6 13.41 
July 6.17 -1.60 78.6 2.3 5.46 
August 5.31 -4.01 70.8 
-3.3 3.81 
September 1.90 -5.41 62.4 -3.0 
October .74 -4.49 52.9 -1.3 
Total 45.44 -12.92 
April 5.71 - .71 
1967 
51.1 2.4 6.91 
May 5.64 -4.70 57.1 -3.5 6.75 
June 18.77 6.81 69.0 -2.0 24.43 
July 2.06 
-5.71 72.1 -4.2 
August 2.00 
-7.31 70.3 -3.8 1.52 
September 6.45 - .86 62.3 -3.1 '6.48 
October 4.90 
- .33 51.5 -2.7 
Total 45.53 -12.81 
&/Des Moines weather bureau. Polk Co. Plot is approximately 6 mi 
north and Madison Co. ELot is approximately 25 mi southwest of the weather 
bureau. 
^Measured at the plot site. 
S/oepartures from normal are based on the 30 year (1931-1960) normals. 
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an area 3^ inches wide by ten feet long with a National mower adjusted 
to give a cutting height of approximately 4 inches. The forage sample 
was bagged and dried in forced air driers at l65°F to constant weight. 
Representative samples from the forage plus the grab samples were 
ground and stored in glass bottles for chemical analysis. 
Locations, cooperators, and soil types for the NPK studies are 
shown in Table 8« The I967 experimental sites were identical to I966 
with the exception of Polk County which was dropped because most of 
the stand died out. There appeared to be no relationship between treat­
ments and stand reduction. 
The Davis County location was located on a gentle slope of 1 to 3^. 
A small part of the experiment was on a Belinda silt loam, however, the 
majority would be classed as Pershing silt loam. Pershing soils, as 
described by Oschwald et al. (1965)» are moderately well to somewhat 
poorly drained, and were formed from loess under mixed grass and forest 
vegetation, dhe surface layer is a very dark gray silt loam 6 to 8 
inches thick, and the subsurface layer is very dark grayish-brown silt 
loam 3 to 5 inches thick. The silty clay subsoil is slowly permeable, 
dark yellowish-brown mottled with gray. The substratum is leached 
silty clay loam loess. 
The Madison County site was located on a Sharpsburg silty clay loam 
with a slope of 3 to 7^. Oschwald et (I965) describes Sharpsburg 
soils as well to moderately well-drained formed from loess under the 
influence of prairie vegetation. They occur most frequently on slopes 
of 2 to 9 percent. They have a very dark brown to black silty clay 
loam surface layer 9 to I6 inches thick. Ihe typical subsoil is a dark 
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Table 8, Locations, oooperators and soil types for the NPK orchardgrass 
studies 
Location Cooperator Soil type 
NE 1/4, 16-T77N-R26W 
Madison County 





W. P. Newlin, 
farm manager 
Dickson fine sandy 
loam 
NE 1/4, 33-T69N-KL3W 
Davis County 
Madison Borget Pershing silt loam 
brown to yellowish-brown silty clay loam to silty clay which has 
moderate to moderately slow permeability. The substratum is leached 
silty clay loam loess. 
The Polk County site was located on a Dickinson fine sandy loam 
soil with a slope of 0 to 1^. According to Oschwald et al. (I965)» 
this soil has a sandy loam texture with somewhat excessive internal 
drainage. The soil was developed under prairie vegetation. Fertility 
is low and the soil is prone to wind and water erosion. 
Chloride study 
Conflicting results in the literature on the effect of K on the 
nitrate content of forage grasses prompted the establishment of an 
experiment to investigate the effect of two sources of K, fertilizer 
on the nitrate content of orchardgrass fertilized with different rates 
of N. 
A small factorial experiment in a randomized complete block design 
with 2. replications was established on 22 April 196? at the Beach Ave. 
42 
Experimental Field, Ames, Iowa, Ihree sources of K at one rate and 
four rates of N resulted in 12 treatments. Ihe fertilizer was mixed 
and hand spread on individual plots 8 x 15 feet. Prior to spreading 
the fertilizer, soil samples from 0 to 6 inches were taken from each 
plot. Soil test values are shown in Table 9, and the treatment numbers 
and fertilizer combinations are shown in Table 10. 
Forty to fifty gram grab samples were taken during the growing 
season. In addition treatments 1, 4, 7 and 10 were used to evaluate 
the diurnal fluctuation of nitrate in orchardgrass. Samples were taken 
at 4 hour intervals from 5 A.M. to 9 P.M. on June 23, 25 and 26. All 
grab samples were dried ground and stored for chemical analysis. 
Solar radiation data were provided through the courtesy of Paul J, 
Waite. The method of Waite and Shaw (I96I) was used to estimate the 
radiation at Ames from the percent sunshine at Des Moines. 
Chemical Analysis 
Prior to weighing the samples for analysis, the tops were removed 
from the bottles and the samples oven dried at 65°C for about 24 hours. 
After drying, samples were taken for NO^-N on all samples, and for total 
N, P and on forage samples. 
NO^-N was extracted by placing 0.5 gm of plant material into a 
125 ml. Erlenmeyer flask and adding 100 ml of boiling N NaCl solution. 
After the extract cooled, a 10 milliliter aliquot was pipetted into a 
200 milliliter round bottom flask modified to fit the steam distillation 
^3h subsequent discussion these will be referred to as percent 
NO-j-N, percent N, percent P, and percent K respectively. 
k3 
Table 9* Surface soil test results for pH, ammonifiable nitrogen, 
available phosphorus and exchangeable potassium for indivi­
dual plots for the chloride experiment, 19^7 






101 6.5 83 60 145 
102 6.5 78 53 155 
103 6.5 86 64 179 
104 6.4 80 76 152 
105 6.4 75 67 157 
106 6.2 75 67 145 
107 6.3 74 59 154 
108 6.3 86 81 150 
109 6.4 98 75 154 
110 6.3 82 66 143 
111 6.3 75 60 138 
112 6.2 64 63 143 
201 6.2 96 74 158 
202 6.2 85 74 158 
203 6.2 76 54 157 
204 6.1 82 83 169 
205 6.1 75 71 176 
206 6.1 89 66 179 
207 6.2 75 83 180 
208 6.2 77 71 173 
209 6.1 100 52 205 
210 6.1 73 77 152 
211 6.2 86 52 186 
212 6.2 88 63 190 
test values reported in pp2ra. 
apparatus. About 0.4 grams of ignited heavy MjgO was added to the flask 
and the contents steam distilled until approximately 20 milliliters of 
distillate were collected. This removed any NH^-N in the sample. 
Approximately 0.4 grams of finely ground Devarda's alloy was added and 
the contents steam distilled until another 20 milliliters of distillate 
had been collected in a 50 milliliter Erlenmeyer flask containing 5 
milliliters of boric acid-indication solution. The solution was 
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Table 10. Fertilizer rates treatment numbers, and plot numbers for 
chloride experiment, 19^7 
Treatment Flot number Fertilizer rates^/ K source 
number Rep I Rep II N K 
1 107 203 0 0 
2 102 212 0 300 KCL 
3 105 202 0 300 KHCOo 
4 104 211 90 0 
5 no 206 90 300 KCL 
6 106 204 90 300 KHCO3 
7 111 205 180 0 
8 108 207 180 300 KCL 
9 103 208 180 300 KHCOo 
10 109 201 360 0 
11 112 209 360 300 KCL 
12 101 210 360 300 KHCO3 
^Rates of N and K are kg/ha. 
titrated with standard sulfuric acid (approximately ,003 N). A detailed 
discription of the distillation apparatus and procedure were presented 
by Bremner and Keeney (1965)* 
For the percent N, percent P and percent K determinations, a Oo5 
gram sample of material was weighed into a 100 milliliter volumetric 
flask, Bie sample was wet ashed on a hot plate for 20 hours with 10 
milliliters of concentrated sulphuric acid plus copper as a catalyst. 
After cooling, the sample was diluted to 100 milliliters with ammonia 
free distilled water and 5 milliliter aliquotes were used for N, P and 
K determinations. The N determination was made by steam distillation 
of ammonia from the aliquote made basic with sodium hydroxide. The 
ammonia was collected in boric acid solution containing a mixed indi­
cator and subsequently titrated with standard sulfuric acid, P was 
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determined colorimetrically by a modified vanado-molydate procedure, 
(Hanway 1962b). K was determined by comparing unknown solutions to 
standard solutions on an atomic absorption spectrophotometer, (Perkin-
ELmer 1966), CI determinations were made using 0.5 gram samples 
leached with 100 milliliters of boiling water from which a 25 milliliter 
aliquote was taken and the CI content determined according to the Mohr 
method as described by Bower and Wilcox (I965) pp. 947-948. 
Statistical Procedure 
Variety study 
The primary purpose of this study was to evaluate the differential 
NO^-N content of the varieties as influenced by high rates of applied 
inorganic nitrogen fertilizer. Bie general method for the analysis of 
split-plot designs as described by Steel and Torrie (I96O) was used. 
Chloride study 
At the time this experiment was established, the NPK studies and 
an additional experiment involving time and rate of N application on 
orchardgrass (not reported on in this thesis) were underway. Therefore, 
only "grab samples" were taken for chemical analysis. It was felt that 
yields would be comparable to those of similar treatments from the 
other experiments. Methods for analysis of factorial experiments and 
for covariance were followed as described by Anderson and Bancroft 
(1952) and Steel and Torrie (I960). 
NPK study 
As previously mentioned a central composite design was used for 
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this experiment because one of the objectives was to fit a response 
surface to the data. The multiple regression procedure used to fit the 
response function is that described by Anderson and Bancroft (1952) and 
Snedecor (1956). 
Carter (196O) applied 240 pounds of N to orohardgrass and did not 
reach an apparent maximum yield. Thus, in this experiment the rates 
were increased so that the range from insufficient to excess would be 
covered. Previous experimental work has shown that the effect of a 
fertilizer element on yield is not independent of the levels of the 
other elements and a linear response is not expected over the entire 
range of the factor space. 
Previous work by Walker (I96I) and Vanderlip (1965) indicates 
that entering the applied variables in quadratic form in a multiple 
regression equation is generally sufficient, A second degree polynomial 
including linear by linear interactions of the applied fertilizer vari­
ables was fitted to the data from each site year for forage yield, percent 
N, percent P and percent K in the forage. Terms were not deleted from 
the equation on the basis of statistical significance. The model used 
for yield was as follows: 
Y = bo + bj^N + b2P + b^K + b^^N^ + + b^^K^ + b^gNP + 
b^^NK + bg-jPK + e, 
where Y is the yield in kilograms per hectare, N, P and K are the 
fertilizer nutrients applied in kilograms per hectare as indicated in the 
plot procedure; the b*s are the partial regression coefficients to be 
estimated by the least squares procedure and e is a random error term. 
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The fitting of these equations to data for each site-year (each loca­
tion each year) gives some indication as to the response at that loca­
tion. 
Die five site-years of data were combined into a general multiple 
regression equation using soil variables, time after application and 
length of growth period to account for differences within and among 
locations and years. A general form of the equation is as follows: 
Y = applied fertilizer variables + soil variables + time after 
application + length of growth period + interaction of applied 
variables and soil variables + interaction of applied vari­
ables and time after application, where Y denotes the forage 
yield. 
Obviously, then, the potential total number of terms representing inde­
pendent variables involved in an experiment such as this is large. 
Previous experimental results from similar experiments shows that the 
number of independent variables significantly influencing the dependent 
are normally always less than the potential total and will also vary 
number within years and among sites. Accordingly then, a method of 
selecting those independent variables which account for the majority of 
the variability in the dependent variable must be selected. In the 
combined equations, terms were retained if the t-test value for the 
coefficient was greater than unity or if a term of higher order or 
interaction including the variable in the term had a t-test value greater 
than unity. 
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RESULTS AND DISCUSSION 
Bie results from the different experiments will be presented 
separately. Discussion of the results will, whenever possible, be 
taken up in chronological order with regard to years. Within each 
experiment, divisions are made according to the factors measured. 
These factors will be discussed separately and in combination with 
each other. Conclusions reached and objectives attained will be con­
sidered for each experiment, A final summary of the 3 separate experi­
ments as to their contribution to the overall objectives will be in­
cluded. 
Variety Study 
Forage grasses do respond to nitrogen applications. This fact is 
sufficiently documented in the literature, Crawford et al, (19^1) 
indicated orchardgrass is not a NO^-N accumulator, however, levels of 
NO^-N considered toxic to livestock have been reported (Dotzenko and 
Henderson, 1964; Smith, 19,6?) in orchardgrass fertilized with N, 
Dotzenko and Henderson (1964) also reported NO^-N differences among 
orchardgrass varieties fertilized with N, 
The objectives of this experiment were: 1, to monitor the NO^-N 
content of orchardgrass as influenced by high levels of applied N and 
2, to determine if differences in NO^-N content occurred among varieties. 
Significant differences in NO^-N content among the varieties were 
found in 1966 and 196?, During 1966, samples were collected nine times 
for NCy-N analysis, and six times during 196?, Forage yields were 
measured three times in 1966 and four times in 196?, Samples from all 
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forage harvests were analyzed for percent total N, P and K as well as 
for percent NO^-N. 
NO3-N content 
Table 11 shows that the NO^-N content was significantly influenced 
by applied N at all sampling periods during I966, With the exception 
of sampling periods five and six, the relationship between applied N 
and percent NO^-N pooled over all varieties is dominated by the linear 
effect of applied N. The linear effect of applied N follows a similar 
pattern of I967 as shown in Table 12, 
There are two main reasons why the sampling period effects are 
significant (Tables 11 and 12). First, as the season progresses, the 
influence of applied N diminishes because the plants take up more of 
the available N early in the season as is evidenced by the increase in 
total N of the forage (Tables A2 and A5) and the increase in forage 
yield (Tables A3 and A6), Secondly, each sampling period represents a 
different stage of maturity which according to Hyers (I966) is very 
influential in determining the chemical composition of the plant. 
Early in the growing season and after each harvest, the plants proceed 
from the florally-developing growing point stage, at which time they 
have a low leaf to stem ratio, to the vegetative stage with a high leaf 
to stem ratio. At these early growing stages most grasses have higher 
NO-j-N in the stems than in the leaves (Vanderlip, I965). 
The significance of the NxH (N by sampling period) interaction 
would seem to be explained by reason one of the preceding paragraph. 
Possible explanations for the VxH (variety by sampling period) 




Days after N application (28) 













Sources of of 
variation freedom Mean squares^ 
Blocks 1 O.O8O9 0,05282 0.03681 0.0219 0.0210 + 
Nitrogen (N) 2 3,4996 ** 4.8743 ** 1.5458 * 3.6529 * 3.118 ** 
Linear (Nl) 1 5.5246 ** 8.9137 ** 2.941 * 7.0656 ** 4.2918 ** 
Quadratic (Nq) 1 1,474 * 0.8346 * 0.1506 0.2403 + 1.9459 ** 
Error (a) 2 0,02486 0.02209 0.0718 0.04202 0.00441 
Varieties (V) 22 0,00374 0.01001* 0.00628+ 0.01542+ 0.0370 ** 
NxV 44 0.00697 0.00948* 0.00472 0.01067 0.01245** 
Linear NnV 22 0.0105 ++ 0.1201 ** 0.00348 0.01525+ 0.01546** 
Quadratic NqV 22 0.0033 0,00716+ 0.00619+ 0.0060 0.00944* 






Error (c) 552 
Forage hai-vests. 
k/ïhe following notation will be used for this and all following tables • 
** Denotes significance at the 15S probability level; * denotes sij 
++ denotes significance at the 10^ probability level; + denotes si 
/ 
shardgrass varieties for individual and pooled sampling periods 
Sampling periods Pooled over 
/ , sampling 
5 6 8 9^ periods 
(7^) (86) (99) (117) (151) 













































0.9217 ** 24.3114 ** 
1.837 ** 43.0767 ** 


















1 following tables unless othervd.se noted: 
vel; * denotes significance at the 5^ probability level; 
evel; + denotes significance at the 25$ probability level. 
Table 12. Analysis of variance for percent NO^-N in 23 orchardgrass varieties for individual and 
pooled sampling periods. Beaconsfield, 196? 
1 
Days after N application (31) 
Days after reapplication (0) 
Sampling Periods 
2â/ 3 W 
(52) (77) (90) 

























1 0.00381 0.0143 0.4473 0.9213 + 0.0741 + 0,8674 + 
2 1.322 ** 2,3235 ** 2.6708 * 2.9179 ++ 0,6912 * 8.9521 » 
1 2.3331 * 4.6575 ** 5.1522 * 5.8308 * 1.1706 * - 17.852 * 
1 0.3124 0.0013 0.1877 0.0042 0,2122 + 0.0443 
2 0.00449 0.0185 0.1353 0.2335 0,0267 0.2273 
22 0.00294** 0.01695** 0.00618 0.0062 0.00219+ 0.0107 ** 
44 0.00189** 0,00939** 0.00416 0.0103 * 0.001706 0.0095 * 
22 0.00159* 0.00943** 0.00305 0,00515 0,00229+ 0.0089 * 
22 0.00222** 0,00874** 0.00521 0.0154 ** 0,00110 OeOin ** 













Interaction being significant in 1966 (Table 11) are that varieties 
from all ranges of maturity were involved, plus the fact initial N 
within the experimental site was variable during I966. Thus, at each 
sampling period, the varieties can be expected to have different stem 
to leaf ratios resulting in NCy-N differences. In addition, it must be 
recognized that these maturity classes are not fixed but that varieties 
in any one maturity class may vary by as much as a week in their full 
bloom date. It is also true with some varieties that the blooming date 
will vary within the variety. Austenson (196^) showed that when a 
late and an early variety are harvested on the same date, the late 
variety will have a higher leaf percentage, and will normally yield 
less dry matter. Visual observations at the experimental site plus 
prior knowledge on the maturity classification of the varieties was 
used to group the varieties for forage harvesting purposes in the 
Beaconsfield experiment. All the medium and early varieties were 
harvested together and the late varieties approximately one week later 
for the first cutting only. For subsequent cuttings, all varieties 
were harvested simultaneously. Thus, it is possible that some varia­
tion was induced by the cutting regime. 
The mean percent NO^-N pooled over all nine sampling periods for 
all varieties in I966 is shown to be significant at the 0.01 level in 
Table 11. It is evident from Table 13 that over the entire harvest 
season all the varieties tend to follow a similar response to N in 
that all have positive and negative linear and quadratic coefficients 
respectively. This is an indication that the percent NO^j-N is increas­
ing at a decreasing rate within the range of applied N for this 
Table 13. Mean percent NO.-N in 23 orchardgrass varieties pooled over 9 sampling periods as 
influenced by rate of N» The associated linear (l) and quadratic (q) mean squares with 
their respective coefficients are shown for the individual N by variety interactions 
(N X V)o Beaconsfield, I966 
Varieties Maturity kg/ha N applied^^ 
group 0 180 360 
Means 
coeff, 
Simple effects of N 
MSS/ coeff. ^ MSÉ/ 
Akaroa L 27 502 616 381 5.301 3.122 -1.083 3,909** 
Masshardy L 70 473 474 338 3.636 1.468 -1.206 4,848** 
Rideau L 52 470 549 357 4.473 2.223 -1.017 3,447** 
La tar L 36 478 535 350 4.491 2.241 -1.155 4,447** 
Pennlate L 34 332 460 275 3.834 1.633 -0.510 867** 
PI 257268 L 42 424 460 308 3.762 1.573 -1.038 3,591** 
Va-58-V-l M 60 506 5^ 370 4.356 2.108 -1.224 4,924** 
Danish M 20 395 523 313 4.527 2.277 -0.741 1,830** 
Pennmead M 47 ^1 526 338 4.311 2.065 -0.927 2,864** 
PI 231612 M 69 375 365 269 2.664 0.789 -0.948 2,995** 
PI 199245 M 18 356 494 290 4.284 2.039 -0.600 1,200** 
PI 262459 M 61 412 438 303 3.393 1.279 -0.975 3,169** 
Commercial E 43 326 456 275 3.717 1.535 -0.459 702* 
Boone E 17 383 517 305 4.500 2.250 -0.696 1,615** 
Potomac E 11 382 496 296 4.365 2.117 -0.771 . 1,981** 
Sterling E 37 457 489 326 4.068 1.838 -1.164 4,516** 
Chinook E 44 372 446 287 3.618 1.454 -0.762 1,935** 
Avon E 19 364 442 275 3.807 1.610 -0.801 2,138** 
Wisconsin 52 E 40 391 498 310 4.122 1.888 -0.732 1,786** 
Dayton E 13 371 289 4.257 2.013 -0.729 1,771** 
Napier E 14 350 504 289 4.410 2.161 -0.546 992^** 
PI 202697 E 50 335 473 286 3.807 1.610 -0.441 64#* 
PI 237174 E ftz M 363 4.671 2.424 -1.017 3,447** 
Overall N mean 38 407 494 
^Percent NO^-N values X103, 
^The initial N rates were reapplied at half the respective rates after the first harvest. 
2/All linear mean squares significant at 0.0Ï level, 
É/A11 quadratic mean squares XIO^. 
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experiment. Table 11 also shows the percent NCy-N overall varieties 
was significant for each individual sampling period except the first 
one. However, periods 3 and 4 are significant at the 0,25 level. 
Table A1 shows differential responses among the varieties at both of 
these sampling periods, indicating the response of a few of the varieties 
was being masked by the majority of nonresponders. Table 11 shows that 
the NxV (N by variety) interaction for sample periods 1, 3, 4 and 9 was 
not significant. By means of single degree of freedom comparisons, it 
can be seen from Table A1 that there are differences among varieties 
especially the effect of the quadratic N by variety interaction. 
Table 12 shows that in general the varieties responded similarly 
to N in 1967• %e mean percent NO^-N for all varieties pooled over five 
sampling periods is significant at the 0,01 level, Ihe NO^-N percen­
tages of some varieties" pooled over the season for 19^7 were not the 
same as for I966* Table 14 shows the linear response to N was the 
same; however the quadratic response differed widely. Two varieties 
Pennmead and Potomac have a positive quadratic coefficient indicating 
that under the limits of this experiment, the NO^-N percentage was 
increasing at an increasing rate over the range of applied N, It is 
also evident that in general the quadratic coefficients are not as 
pronounced in their general sense of direction as for I966. Two 
varieties, Pennlate and PI257268 have negative coefficients significant 
at the 0,01 level the rest are either significant at 0,01 level or 
fluctuate from positive to negative trends. 
There are twenty-two single degree of freedom comparisons among 
varieties which could be made. However, without prior knowledge of these 
Table 14. Mean percent NCL-N in 23 orchardgrass varieties pooled over 5 sampling periods as 
influenced by rate of N, The associated linear (l) and quadratic (q) mean squares with 
their respective coefficients are shown for the individual N by variety interactions 
(N X V)o Beaconsfield, 196? 
Varieties Maturity 
groupa/ 
kg/ha N applied^/ 
0 180 360 Means 
Simple effects of N 
coeff. MS^É/ coeff.S/ ^  MsS/ 
Akaroa L 9 224 444 226 2.175 9,461 83 0 
Masshardy L 18 207 370 198 1.760 6,195 - 431 11 
Rideau L 17 249 430 232 2.065 8,528 - 846 43 
Latar L 16 203 392 204 1,880 7,069 33 0 
Pennlate L 19 293 407 240 1.940 7,527 -2,656 425** 
PI 257268 L , 16 329 397 247 1.905 7,258 -4,067 996** 
Va-58-V-l M 15 279 447 247 2.160 9,331 -1,594 I53++ 
Danish M 18 222 482 241 2.320 10,765 929 52 
Pennmead M 14 191 474 226 2,300 10,580 1,759 186* 
PI 231612 M 20 190 341 184 1.605 5.152 - 315 6 
PI 199245 M 16 954 454 241 2.190 9,592 - 631 24 
PI 262459 M 13 ^29 367 203 1.770 6,266 -1,295 101+ 
Commercial E 17 222 364 201 1.735 6,020 -1,046 66 
Boone E 16 217 420 217 2.020 8,161 33 0 
Potomac E 12 170 424 202 2.060 8,487 1,594 153++ 
Sterling E 20 280 414 238 1.970 7,762 -2,099 264* 
Chinook E 25 209 362 199 1.685 5,678 - 514 16 
Avon E 13 192 373 193 1.800 6,480 33 0 
Wisconsin 52 E 15 260 403 226 1.940 7,527 -1,693 17344. 
Dayton E 17 198 417 211 2.000 8,000 631 24 
Napier E 15 214 444 224 2.145 9,202 514 16 
PI 202697 E 14 240 364 206 1.750 6,125 -1,693 173++ 
PI 237174 E U 224 229 2.160 9,331 232 3 
Overall N mean 16 230 410 
s/l = late, M = medium, E = early» 
^Percent NO^-N x 10^. 
^/linear and quadratic mean squares and quadratic coefficients XIO^, 
É/ail linear mean squares significant at 0.01 level» 
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varieties, there were no planned comparisons made at the outset of this 
experiment other than comparing the varieties according to maturity 
group. After viewing the I966 results, comparisons among varieties 
could be made realizing that exact statements about probability levels 
would not be possible. These same comparisons could be made in 196? to 
ascertain if these varieties show the same response to N across years. 
If two or more varieties were responding similarly and consistently 
different from the other varieties, i.e., either consistently high or 
lower in NO^-N content at all sampling periods, then it may be of 
interest to know about their genetic backgrounds. However, there is 
little evidence that any of the varieties used in this study had any 
common genetic background. Information from Hanson (1965) on the 
majority of the varieties in this experiment indicates there probably 
is no genetic relationship among the varieties. Any genetic relation­
ship among the PI lines would seem doubtful because each comes from a 
different country. 
Figure 1 shows that for the majority of the sampling periods, the 
late maturing varieties tend to have higher NCy-N values. It is also 
evident that within maturity groups the varieties show a similar response 
up to the first increment of N, however there is more divergence at the 
high level of N, Figure 3 shows the percent NO^-N for the maturity 
groups during 196?. Bie overall results are similar to I966, however, 
the varieties late and medium maturity groups alternate for the highest 
NO^-N content throughout the season. In all periods except number 2, 
the early maturity group contains the least NO^-N. Ihe overall N 
response in 196? tends to be more linear than 1966 possibly due to less 
Figure 1, îhe influence of applied N on the percent NOo-N in 23 
orchardgrass varieties pooled within each of^3 maturity-
groups for each of 8 sampling periods and the pooled mean 
over 9 sampling periods. Beaconsfield, I966 
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residual N available during 196?* 
In general, the NO^-N values are well into the toxic range even 
at the 180 kilogram per hectare rate during 1966, Part of the reason 
m for the high NCy-N values is the fact that during much of the first 
year, the soil at the experimental site was well supplied with available 
N. For example, the NO^-N values of the zero N treatments are very 
high especially sample period 2 Figure 1. Additional evidence is seen 
in Table A3 which shows that the forage yields are high for harvest 1 
and they continue to stay high for the I966 forage harvests as opposed 
to the low forage yields from the zero N treatment for all harvests in 
1967 (Table A6)« It is also evident that this initial N is not unifor-
mally distributed across all the subplots as is evidenced by the vari­
ability of the NOg-N values for the zero N treatment for several 
sampling periods (Table Al). 
There are differences in the NO^-N content among varieties within 
maturity groups. Using the mean NO^-N values from Table 12 as a guide, 
two varieties from each maturity group representing the general extremes 
for the group were selected and are shown in Figure 2» The and 
coefficients for these varieties are shown in Table Al. The relationship 
between applied N and NOy-N tends to become linear as the time after 
application of N increases. This was also true for the grouped 
varieties (sample period 9» Figure 1), 
The late maturing variety Akaroa contained more NO^-N at the 
highest rate of N throughout the season with the exception of sample 
period 3* It was also the highest in NO^-N or among the highest through­
out the season at the middle N rate. It is also evident that varieties 
figure 2, Percent NCL-N in 6 individual orohardgrass varieties as 
influenced-^y applied N for each of 8 sampling periods and 
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Va-58-V-l and Sterling both tend to have higher NO^-N values at all N 
rates throughout the season than the other 3 varieties» 
These same general trends hold true for these same varieties 
during the I967 season (Figure 4). The fact that these differences 
continue across years would seem to substantiate the statement that 
orchardgrass varieties do differ in the accumulation of NCy-N as 
influenced by applied N fertilizers. Dotzenko and Henderson (19^4) 
also found that in general the late maturing varieties accumulated more 
NO^-N under high rates of applied N; however, the variety Latar a late 
variety gave the highest forage yield under all rates of applied N. 
Dry matter yields from the Beaconsfield experiment for I966 and 19^7 
(Figures 5 and 6) conflict with those of Dotzenko and Henderson (1964). 
Also, Tables A3 and A6 show that in particular variety Latar was 
inferior to several medium and early maturing varieties. 
There are several reasons for differential NO^-N contents among 
varieties as influenced by increased rates of applied N fertilizers. 
Undoubtedly, inherent characteristics of each variety can account for 
some of the differences in NO^-N content. As previously noted, infor­
mation from Hanson (I965) indicates there is little genetic relationship 
between most of the varieties shown in Figures 2 and 4. 
Late maturing varieties tend to have a higher percentage of leaves 
throughout the growing season (Austenson, 1964, Dotzenko and Henderson, 
1964). The latter authors indicate this leafiness of the variety Latar 
possibly accounts for its higher NO^-N content. This might be a partial 
explanation at later stages of maturity, but if at earlier growth stages 
the plants have a low leaf to stem ratio as indicated by Ifyers (I966) 
Figure 4, Percent NO„-N in 6 individual orchardgrass varieties as 
influenoed-^y applied N for each of 5 sampling periods 
and the pooled mean. Beaconsfield, I967 
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Figure 5* The influence of applied N on dry matter yield and total N 
for 23 orchardgrass varieties pooled within each of 3 
maturity groups for each of 3 individual forage harvests, 
and for the mean pooled over 3 harvests 
A : Dry matter yield, Beaconsfield, I966 
B : Percent total N, Beaconsfield, I966 
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Figure 6, The influence of applied N on dry matter yield, and total N 
for 23 orchardgrass varieties pooled within each of 3 
maturity groups, for each of 4 individual forage harvests and 
for the mean pooled over 4 harvests. The effect of applied N 
on stand reduction is pooled within each of 3 maturity groups 
over two years 
A : Dry matter yield, Beaconsfield, I967 
B ; Percent total N, Beaconsfield, I967 
C : Percent stand reduction, Beaconsfield, I966 and I967 
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the leafiness should tend to reduce NO^-N content over that of plants 
with lower leaf percentages. Most grasses tend to have higher NO^-N 
values in the stems than in the leaves, Vanderlip (19^5) with brome-
grass, Hanway (1962a) with corn, and Doughty and Warden (19^2) with oats. 
The leafiness of the late maturing varieties, under the conditions 
of this experiment, apparently does not account for their increased 
NO^-N content. A possible reason for these NO^-N differences may be a 
dilution effect. Figures 5 and 6 show that the dry matter yield was 
less at all harvests for both seasons for the late maturity group than 
for the early or medium groups. Carlson (196?) and Austenson (1964) 
both indicate that cutting late orchardgrass varieties at the same time 
as early varieties for the first harvest will underestimate the total 
dry matter production of the late varieties; however, cutting date of 
subsequent harvests appears to have no effect on total dry matter yield. 
the Beaconsfield experiment, the first harvest for the late varieties 
was approximately 8 days after the other varieties. Therefore, it 
seems that the late maturing varieties were not hindered as far as total 
dry matter yield is concerned. Assuming then that total dry matter 
production at each harvest is an indication of growth rate, the varieties 
in the early and medium maturity groups obviously have a faster growth 
rate than the late maturity group. 
Figures 5 and 6 show that at every forage harvest except harvest 4 
1967, the varieties in the late maturity group have the highest percent­
age total N. The group trend carries over to the individual varieties 
as shown by Figures 7 and 8. Thus, there is an apparent relationship 
between total dry matter and percent total N. Figure 11 shows there is 
FigTzre 7. The influence of applied N on dry matter yield and percent 
total N for 6 individual orchardgrass varieties for each of 
3 forage harvests 
A ; Dry matter yield, Beaconsfield, I966 
B : Percent total N, Beaconsfield, I966 
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Figure 8. The influence of applied N on dry matter yield and percent 
total N for 6 individual orchardgrass varieties for each of 
4 forage harvests 
A : Dry matter yield, Beaconsfield, 196? 
B ; Percent total N, Beaconsfield, 196? 
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a relationship between percent NO^-N and total N for each maturity 
group at each harvest for I966 and I967. Figure 11 will be discussed 
in more detail in the next section. It is mentioned here to show that 
a relationship exists. 
It follows that if relationships exist between total N and percent 
NCy-N and total N and dry matter then a relationship between dry matter 
and NO-j-N must exist. This relationship is shown in Figures 9 and 10, 
Forage harvests 1 and 2 in both Figures 9 and 10 are of principal 
importance in supporting the dilution effect as a possible reason why a 
differential NCy-N content exists between varieties. Table 15 shows 
that, in general, the mean percent N recovery for the two varieties from 
each maturity group is similar which indicates that the same amount of 
N was taken up from the soil the majority of which is in the NO^ form. 
However, as is shown by Figures 9 and 10, early in the season there is 
abundant NO^ available, which the plants take up in excess of that 
which can be converted into protein nitrogen. Ih those varieties with a 
slower growth rate (in general those in the late maturity group) there 
is less dry matter produced to dilute the NO^ that was not converted to 
protein. Note that for forage harvests 1 and 2 there is a negative 
relationship between NOy-N and dry matter for all maturity groups 
except for the medium maturity group forage harvest 2. 
The high N rates in this experiment have an additional side effect 
which undoubtedly enhances NO^-N accumulation. Table I6 shows that 
over a two year period, both applied N and varieties significantly 
influence the percent stand reduction. Figure 6C shows that in 
general the early maturing varieties are less susceptable at all N levels 
Figure 9» Relationship between the mean percent NO^-N and the mean dry matter yield for 23 
orchardgrass varieties pooled within their respective maturity groups as influenced 
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Figure 10, Relationship between the mean percent NO3-N and the mean dry matter yield for 23 
orchardgrass varieties pooled within their respective maturity groups as influenced 
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Table 15. Percentage of applied N recovered by 6 orchardgrass varieties 










Akaroa L 80.0 67.3 30.5 46.2 
Masshardy L 42.5 60.8 23.6 36.1 
Va-58-V-l M 76.0 73.4 32.8 43.4 
PI-231612 M 46.7 67.1 16.4 35.3 
Sterling E 78.2 87.0 35.1 52.2 
Commercial E 59.1 47.9 38.8 33.1 
2/ The initial rates were reapplied at half the respective rates for 
a total of 270 and 5^0 kg/ha. 
Table l6^ Analysis of variance for percent stand reduction of 23 
orchardgrass varieties after 2 years of N application. 
Beaconsfield, I967 
Sources Degrees of freedom Mean squares 
Blocks 1 75.835 
Nitrogen (N) 2 8,303.375* 
Linear (Nn) 1 14,100.3 * 
Quadratic (N ) 1 2,508,7 + 
Error (a) 2 359.00 
Varieties (V) 22 551.567** 
NxV 44 37.409+ 
Linear (N]_V) 22 7.9 
Quadratic (N V) 22 67.75 ** 
Error (b) 66 27.741 
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and at the high levels of N there is very little difference between the 
early and late maturity groups. Table 1? shows there are significant 
differences in stand reduction among the varieties, Griffith et al, 
(1964) and Griffith and Teel (I965) also reported stand reductions in 
orchardgrass fertilized with high levels of N, Those varieties with 
the largest negative quadratic coefficients are still evidencing a stand 
reduction as N increases but at a slower rate than those varieties with 
smaller coefficients. If the assumption that these varieties accumulate 
excess NO^ from the soil when it is available and if equal amounts of N 
are applied to a given area it follows that there will be more N 
available to those varieties with the least number of plants per unit 
area, 
A summary of the general results found is; 1» Varieties in the late 
maturity group have higher NO^-N percentages than early or medium 
maturing varieties ; 2, varieties in the late maturity group have higher 
total N percentages than early and medium maturing varieties; 3* varie­
ties in the late maturity group have less total dry matter produced 
than varieties in the early and medium maturity groups ; 4, percent of 
the applied N recovered tends to be similar for the varieties in each 
maturity group; 5» significant relationships exist between percent NO^-N 
and percent total N for the varieties in each maturity group but differ 
for individual forage harvests. 
Possible reasons why NO^-N differences were observed among the 
varieties were arrived at by making use of the assumption that the 
amount of dry matter produced in an individual growth period was an 
indication of rate of growth. The following relationships were also 
Table I7. Percent stand reduction of 23 orchardgrass varieties after 2 years as influenced by rate 
of N, The associated linear (l) and quadratic (q) mean squares with their respective 
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Akaroa L 12.60 40.60 47.60 33.62 35.00 1,225.0** - 7.00 147.0* 
Masshardy L 25.80 38.20 47.65 37.22 21.85 477.4** - 0.98 2.9 
Rideau L 13.75 30.10 36.85 26.90 23.10 533.6** - 3.20 30.7 
La tar L 10.50 41.95 42.50 27.80 32.00 1,024.0** -10.30 318.2** 
Pennlate L 7.25 39.30 43.05 29.87 35.80 1,281.6** - 9.43 266.9** 
PI 257268 L 14.80 28.50 31.75 35.23 16.95 287.3** - 3.48 36.4 
Va-58-V-l M 10.20 40.10 31.50 27.27 21.30 453.7** -12.83 494,0** 
Danish M 10.75 41.95 36.85 29.85 26.10 681.2** -12.10 439.2** 
Pennmead M 23.10 47.85 51.65 40.87 28.55 815.1** - 6.98 146.3* 
PI 231612 M 51.40 66,45 66.75 61.53 15.35 235.6** - 4.91 725.2** 
PI 199245 M 8.05 28.50 31.75 22.77 23.70 561.7** - 5.73 98,6++ 
PI 262459 M 30.40 36.55 39.55 35.50 9.15 83.7++ - 1.05 3.3 
Commercial E 3.75 25.30 28.25 19.10 24.50 600.2** - 6.20 115.3* 
Boone E 3.80 20.15 28.25 17.40 24.45 597.8** - 2.75 22,7 
Potomac E 6.75 27.45 32.00 22.07 25.25 637.5** - 5.38 86.9++ 
Sterling E 5.90 27.70 28.50 20.70 22.60 510.7** - 7.00 147.0* 
Chinook E 7.55 22.85 32.80 21.07 25.25 637.5** - 1.78 9.5 
Avon E 11.30 39.25 37.70 29.42 26.40 696.9»* - 9.83 290.1** 
Wisconsin 52 E 8.90 36.35 39.80 28.35 30.90 954.8** - 8.00 192.0** 
Dayton E 9.70 25.55 26.10 20.45 16.40 268.9** - 5.10 78.0++ 
Napier E 6.50 25.55 30.95 21.00 24.45 597.8** - 4.55 62.1+ 
PI 202697 E 11.60 24.20 28.50 21.43 16.90 285.6** - 2.76 22.9 
PI 237174 E ,9,42 37.90 38.20 28.52 28.75 826.5** - 9.38 264.1** 
Overall N mean 13.21 34.64 37.97 
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used; 1. ^ yers (1966) reports that early in the growth period orchard-
grass has a low leaf to stem ratio and the ratio increases as the 
plants approach maturity; 2, in general stems have a higher NO^-N 
content than leaves Vanderlip (I965) and Hanway (1962a), 
Under these conditions then, two possible reasons for differential 
NO^-N contents among the varieties are: 1, The slower growth rate of 
late maturing varieties leads to lower leaf to stem ratios thus higher 
NO^-N values; 2. the ratio of NO^-N to total N tends to be constant and 
since the varieties tend to accumulate similar amounts of NO^ from the 
soil, those varieties producing more dry matter will tend to dilute the 
NO^ not converted to total N. It must be realized that the above 
reasons may not be causal effects per se. but that other factors e.g. 
biological, nutritional, environmental or genetic may influence growth 
which indirectly causes the dilution effect. 
Percent total N 
The general objective of this experiment concerned NO^-N. However, 
factors such as total N, and dry matter are related to NO^-N content as 
previously discussed. 
Table 18 shows that in I966 applied N had a highly significant 
effect on percent total N throughout the season as opposed to I967 
(Table 19)• This is possibly due to the fact that residual N present 
in the soil at initiation of the experiment supplied additional N 
during the I966 season but was essentially depleted by 196?. This same 
reasoning should apply to the linear effect of N being dominant during 
1967 as opposed to a significant quadratic effect during I966 (Tables 19 
Table 18. Analysis of variance for percent total N in 23 orchardgrass varieties for individual 
and pooled harvests, Beaconsfield, I966 
Days after N application 
Days after reapplication 















Blocks 1 0.0390 1.1358 * 0.0862 0.11 
Nitrogen (N) 2 42.3839 ** 25.8254 ** 26.7003 ** 93.167 ** 
Linear (N^) 1 81.377 ** 45.7263 ** 47.4282 ** 171.598 ** 
Quadratic (N ) 1 3.329 ++ 5.9096 ** 5.9906 * 14.83 ** 
Error (a) " 2 0.3581 0.0146 0,0734 0.0857 
Varieties (V) 22 1.3^1 ** 0.22316** 0.2480 ** 1.307 ** 
NxV 44 0.0711 0.04124 0.0606 0.07438 
Linear NnV 22 0.0650 0.0471 + 0,445 0.0869 
Quadratic NqV 22 0.0801 0.0354 0.07435 0.0739 
Error (b) 66 0.111 0.03557 0.06153 0.07247 
Harvests (H) 2 7.216 ** 
NxH 4 0.871 ** 
VxH 44 0.2525 ** 
NxVxH 88 0.0493 
Error (c) 138 0.0785 
Table 19. Analysis of variance for percent total N in 23 orchardgrass varieties for individual and 
pooled harvests. Beaconsfield, 196? 
Harvests Pooled over 
harvests 
12 3 4 
Days after N application (52) (90) (120) (207) 
Days after N reapplication(0 ) (30) ( 56 ) (143) 
Sources of Degrees of Mean squares 
variation freedom 
Blocks 1 0.0216 3.622 + 1.085 0.4522 3.544 
Nitrogen (N) 2 47.8116 ** 27.346 * 21.313 * 24.726 * 113.255 * 
Linear (Nn) 1 90.169 ** 54.124 * 41.545 * 46.312 * 226.482 ** 
Quadratic (N ) 1 5.513 * 0.587 1.095 3.130 + 0OO56 
Error (a) ^ 2 0.0670 0.725 1.094 0.5966 1.931 
Varieties (V) 22 0,1066 ** 0.116 ** 0.1352 ** 0.0680 + 0.2227 ** 
NxV 44 0.0643 * 0.0495 + 0.0416 0.0426 0.0853 + 
Linear N^V 22 0.0292 0.0676 0.0283 0.032 0.049 
Quadratic N V 22 0.0951 ** 0.0377 0.0550 + 0,0552 0.131 * 
Error (b) 66 0.0334 0.0391 0.0414 0.0508 0.0624 
Harvest (H) 3 12.116 ** 
NxH 6 2.647 ** 
VxH 66 0.0677 * 
NxVxH 132 0.0376 
Error (c) 207 0.0458 
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and 18 respectively). Tables 20 and 21 show that differences in percent 
total N among the individual varieties pooled over both harvest seasons 
is more pronounced for I967 (Table 19) than for I966 (Table 20), 
Single degree of freedom analysis for each forage harvest over I966 and 
1967 are shown in Tables A2 and A5* 
The relationship between percent NO^-N and percent total N is shown 
in Figure 11» It is evident that different relationships exist among 
harvests. The late maturing varieties for forage harvests 1 and 3 in 1966 
and forage harvest 1 in I967 are not in agreement with the other two 
maturity groups. It is also obvious that the relationship between NO^-N 
and total N up to specific values of total N is linear with slope zero 
and a NO3-N intercept varying from 0,012 to 0,030 percent NO^-N, The 
intersection point between the two linear segments varies between years 
and among harvests within years. 
The values of NO^-N and total N from the I8O and 36O kilograms per 
hectare N treatments were used to calculate the linear regression lines. 
The regression line for forage harvest 1 1966 had an r^-value of 0,485 
which was not significant at the 0,05 level. 
The relationship for forage harvest 2 had a b-value of 0,428 and an 
r^-value of 0,735 which is significant at the 0,05 level. The position 
of the regression line was determined by selecting the constant (C) 
to subtract from the observed total N values from a visual graphing of 
the data then, calculate expected NCy-N values for (C) and for values 
of percent total N on either side of (C), The value of (C) which gave 
calculated NG^-N values close to the observed was used. Thus, the 
position of the line may not be exact, A more exact method would have 
Table 20. Mean percent total N in 23 orchardgrass varieties pooled over 3 harvests as influenced by 
rate of N» The associated linear (l) and quadratic (q) mean squares with their respective 














Akaroa L 2.13 3.70 3.72 3.18 4.77 7.5843 -1.55 2.4025** 
Masshardy L 2.61 3.94 4.18 3.57 4.71 7.3947 -1.09 1.1881** 
Rideau L 2.31 3.61 3.98 3.30 5.01 8.3667 -0.93 0.8649** 
Latar L 1.99 3.44 4.05 3.16 6.18 12.7308 -0.84 0.7056** 
Pennlate L 1.96 3.14 3.58 2.89 4,86 7.8732 -0.74 0.5476** 
PI 257268 L 1.88 3.12 3.56 2.86 5.04 8.4672 -0.80 0.6400** 
Va-58-V-l M 1.83 2.88 3.14 2.62 3.93 5.1483 -0.79 0.6241** 
Danish M 1.85 3.12 3.44 2.80 4,77 7,5843 -0.95 0.9025** 
Pennmead M 1.78 3.16 3.47 2.80 5.07 8,5683 -1.07 1.1449** 
PI 231612 M 2.33 3.34 3.72 3.13 4,17 5.7963 -0.63 0.3969* 
PI 199245 M 1.71 2.97 3.31 2.66 4.80 7.6800 -0.92 0.8464** 
PI 262459 M 2.24 3.34 3.93 3.17 5.07 8.5683 -0.51 0.2601++ 
Commercial E 1.76 2.72 3.27 2.58 4.53 6,8403 -0.41 0.1681+ 
Boone E 1.74 2.94 3.11 2.60 4.11 5.6307 -1.03 1.0609** 
Potomac E 1.83 2.89 3.20 2.64 4.11 5.6307 -0.75 0.5625** 
Sterling E 1.79 2.95 3.37 2.70 4.74 7,4892 -0.74 0.5476** 
Chinook E 2.00 3.14 3.32 2.82 3.96 5.2272 —0.96 0.9216** 
Avon E 1.83 3.03 3.40 2.75 4.71 7.3947 —0.83 0.6889** 
Wisconsin 52 E 1.85 3.09 3.48 2,80 4.89 7.9707 -0.85 0,7225** 
Dayton E 1.79 2.92 3.27 2.66 4.44 6.5712 -0.78 0.6084** 
Napier E 1.82 2.88 3.55 2,75 5.19 8.9787 -0.39 0.1521+ 
PI 202697 E 1.82 2.82 3.34 2.66 4,56 6.9312 -0.48 O.2304++ 
PI 237174 E m 3.19 5.22 9.0828 -0.52 O.2704++ 
Overall N mean 1,96 3.15 3.54 
f/All linear mean squares are significant at the 0,01 level. 
Table 21. Mean percent total N in 23 orchardgrass varieties pooled over 4 harvests as influenced 
by rate of N. The associated linear (l) and quadratic (q) mean squares with their 










Simple effects of N 
mW coeff.^ ^  MS£/ 
Akaroa L 2.22 2.86 3.78 2.95 6.24 9.734 373 1,045+ 
Masshardy L 2.21 3.16 3.70 3.02 5.96 8.880 -546 2,241++ 
Rideau L 2.04 3.07 3.77 2.96 6.92 11.971 -440 1.452+ 
La tar L 2.10 2.87 3.85 2.67 7.00 12,250 280 588 
Pennlate L 2.10 3.23 3.68 3.00 6.32 9.985 -906 6,164** 
PI 257268 L 2.12 3.12 3.60 2.94 5.92 8.762 -693 3,604* 
Va-58-V-l M 2.00 2.72 3.30 2,67 5.20 6.760 -187 261 
Danish M 2.17 2.91 3.77 2.95 6.40 10.240 160 192 
Pennmead M 2.00 2.69 3.56 2.75 6.24 9.734 240 432 
PI 231612 M 2.00 2.87 3.63 2.83 6.52 10.627 -147 161 
PI 199245 M 2.05 3.03 3.59 2.89 6.16 9.486 -560 2,351++ 
PI 262459 M 2.00 2.88 3.62 2.83 6.48 10.498 -187 261 
Commercial E 2,06 2.82 3.57 2.82 6.04 9.120 - 13 1 
Boone E 2.05 2.76 3.48 2.76 5.72 8.180 13 1 
Potomac E 2.13 2.65 3.72 2.83 6.36 10.112 733 4,032* 
Sterling E 2.04 2.84 3.61 2.83 6.28 9.860 - 40 12 
Chinook E 2.11 3.02 3.88 3.00 7.08 12.531 - 67 33 
Avon E 2.06 2.87 3.67 2.87 6.44 10.368 - 13 1 
Wisconsin 52 E 2.05 2.87 3.62 2.85 6.28 9.860 - 93 65 
Dayton E 2.09 2.65 3.64 2.79 6.20 9.610 573 2,465++ 
Napier Ë 2.00 2.68 3.49 2.72 5.96 8.880 173 225 
PI 202697 E 2.04 2.87 3.58 2.83 6,16 9.486 -160 192 
PI 237174 E 2.24 2.81 MI 2.97 6.52 10.627 653 3,201* 
Overall N mean 2.08 2.88 3.65 
SjAll linear mean squares significant at 0.01 level. 
^Quadratic coefficients X103. 
£/Quadratic mean squares XIO^. 
Figure 11. Relationship between percent NO^-N and percent total N for 23 orchardgrass varieties 
pooled within their respective maturity groups as influenced by applied N for each of 
3 forage harvests, Beaconsfield, I966 and 196? 
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been to impose the restriction that the sum of the observed minus 
expected values squared to be a minimum. 
The third forage harvest for I966 had an r^-value of 0.499 which 
was not significant. From Table 11, it is apparent that the varieties 
in the late maturity group have a different NO^-N to total N relation­
ship than those varieties in the medium and early maturity groups for 
forage harvest 1 and 3* 
Forage harvest 1 19^7 had an r2-value of 0.426 which was not signi­
ficant, Again, the varieties from the late maturity group appear to 
differ from those in the other two maturity groups. The varieties from 
the three maturity groups for forage harvests 2 and 3 in 19^7 have re­
values significant at the 0.01 level of 0.910 and 0.952 respectively. 
The b-values for forage harvests 2 and 3 1967, 0.437 and 0.233 
respectively are significantly different at the 0,02 level. 
These relationships between NO^-N and total N shown in Figure 11 
are similar to those for corn reported by Hanway (1962a) and for brome-
grass as reported by Vanderlip (I965). The slope of the regression line 
reported by Vanderlip (I965) was 0,114 which is considerably less than 
those of Figure 11; however, his maximum N rate was 320 pounds per acre 
as opposed to a maximum of 480 pounds for the experiment reported in 
Figure 11, 
Dry matter .yield 
Dry matter yields have previously been mentioned in connection with 
NO^-N. The effect of residual N present in the soil is substantiated. 
Table 22 shows that the influence of applied N on dry matter yield was 
Table 22. Analysis of variance for dry matter yield of 23 orchardgrass varieties for individual 
and pooled harvests» Beaconsfield, 1966 
Harvests Pooled over 
harvests 
Days after N application 
Days after N reapplication 











Blocks 1 18,358,751.9* 79,772.8 2,915,384 13.123,507.9+ 
Nitrogen (N) 2 18,970,559.9* 54,830,607.9++ 9,893,816 ++ 66,720.271.9* 
Linear (N^) 1 9,056.394 * 75,976,044 44. 19,340.447 ++ 86,661.826 * 
Quadratic (N ) 1 28,884,485 * 33,681,608 + 447,469 46,789.629 * 
Error (a) 2 455,167.5 5,139,864.9 1,045,741.9 2,282,635.9 
Varieties (V) 22 4,527,164.9** 413,584 324,971.7** 2,128,519.9** 
NxV 44 430,424.3+ 191,901.7 145.591 ++ 406,394 * 
Linear NnV 22 527,786.3* 280,058 144.960 + 508,690 ** 
Quadratic NqV 22 331,741.3 103,886 146.353 + 254,022 
Error (b) 66 282,283.6 245,461 97,681.6 231,896 
Harvests (H) 2 108,930,159 ** 
NxH 4 8,487,315 ** 
VxH 44 1,568,590 ** 
NxVxH 88 180,759 
Error (c) 138 310,804 
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significant at the 0,05 level for harvest 1 and the 0,10 level for 
harvests 2 and 3* Table 23 shows that yields at zero N were very high 
during I966, Linear and quadratic coefficients for the pooled harvests 
indicate dry matter yield for all varieties was increasing at a decreas­
ing rate. Table A3 shows that for individual forage harvests during 
1966 differential dry matter yields among individual varieties exists. 
The sign and significance level of the quadratic coefficient is quite 
pronounced especially for forage harvest 3. Figures 5 and 7 show-
relationships between applied N and dry matter yield for the varieties 
pooled within maturity groups and for two varieties from each maturity 
group respectively. 
The effect of applied N on dry matter yield was more pronounced 
during 196? (Table 24), Both the linear and quadratic effects show a 
higher degree of significance than in I966 which is a possible indication 
that the initial N effect in I966 was no longer a factor. That the 
initial soil N effect of I966 was not present in 19^7 is evident from 
the forage yields at zero N shown in Table 25» 
Dry matter yields for the individual varieties pooled over four 
forage harveists in 19^7 tend to show similar relationships to applied N 
(Table 25). Table A6 shows that for the first three forage harvest 
periods the individual varieties still tend to give a similar response 
to N; however, the quadratic coefficients for forage harvest four 
indicate differential responses exist. Figures 6 and 8 show the 
influence of applied N on dry matter yield in 19^7 for the varieties 
pooled within their respective maturity groups and for two selected 
varieties from each maturity group respectively. 
Table 23o Mean yield of dry matter in kg/ha pooled over 3 harvests for 23 orchardgrass varieties 
as influenced by rate of No Ihe associated linear (l) and quadratic (q) mean squares 
with their respective coefficients are shown for the individual N by variety inter­
actions (N X V). Beaconsfield, 1966 
Varieties Maturity kg/h a N applied Means 
Simple effects of N 
1 q 
group 0 IbO 300 coeff, MS coeff. MS 
Akaroa L 1,169 2,632 2,570 2,184 4,203 5,888,403** 
-1,525 2,325,625** 
Masshardy L 1,201 1,768 1,767 1,579 1,698 961,068* - 568 322,624+ 
Rideau L 1,358 2,324 1,960 1,880 1,806 1,087,212* 
-1,330 1,768,900** 
La tar L 1,069 2,491 2,170 1,910 3,303 3,636,603** -1,743 3,038,049** 
Pennlate L 1,567 2,606 2^276 2,150 2,127 1,508,043* -1,369 1,874,161** 
PI 257268 L 1,295 2,640 2,266 2,067 2,913 2,828,523** -1,719 2,954,961** 
Va-58-V-l M 1,957 2,946 3,020 2,641 3,189 3,389,907** - 915 837,225++ 
Danish M 1,257 2,471 2,778 2,169 4,563 6,940,323** - 907 822,649++ 
Pennmead M 1,601 2,215 2,536 2,117 2,805 2,622,675** 
- 293 85,849 
PI 231612 M 1,044 1,986 1,448 1,493 1,212 489,648+ -1,460 2,190,400** 
PI 199245 M 1,366 2,985 2,899 2,417 4,599 7,050,267** -1,705 2,907,025** 
PI 262459 M 1,419 2,458 1,969 1,949 1,650 907,500++ -1,528 2,334,784** 
Commercial E 1,908 3,191 3,163 2,754 3,765 4,725,075** -1,311 1,718,721** 
Boone E 1,449 3,211 3,265 2,641 5,448 9,893,568** -1,708 2,917,264** 
Potomac E 1,223 3,100 2,964 2,429 5,223 9,093,243** -2,013 4,052,169** 
Sterling E 1,742 3,W 2,801 2,662 3,177 3,364,443*» -2,345 5,499,025** 
Chinook E 1,505 2,740 2,722 
2,298 
2,322 3,651 4,443,267** -1,253 1,570,009* 
Avon E 1,514 2,905 2,239 2,352 1,843,968** -1,998 3,992,004** 
Wisconsin 52 E 2,120 3,223 2,754 2,699 1,902 1,205,868* -1,572 2,471,184** 
Dayton E 1,323 3,053 2,892 2,423 4,707 7,385,283** -1,891 3,575,881** 
Napier E 1,295 2,914 3,081 2,430 5,358 9,569,388** -1,452 2,108,304** 
PI 202697 E 1,658 2,826 3,146 2,543 4,464 6,642,432** - 848 719,104++ 
PI 237174 E 1,418 2.620 2,)08 2,115 2,670 2,376,300** -1,514 2,292,196** 
Overall N mean 1,455 2,728 2,575 
Table 24-. Analysis of variance for dry matter yield of 23 orchardgrass varieties for individual 
and pooled harvests, Beaconsfield, 1967 
1 
Days after N application (52) 














Sources of of 
variation freedom Mean squares 
Blocks 1 




Error (a) 2 





















21,713.5 323,061 1,312,446 240,752 
55,581,728 ** 134,942,464 ** 11,994,880 * 9,147,000 ** 
68,550,510 ** 197,600,986 ** 18,075,292 * 18,030,463 ** 














































Table 25. Mean yield of dry matter in kg/ha pooled over 4 harvests for 23 orchardgrass varieties 
as influenced by rate of N* The associated linear (1) and quadratic (q) mean squares with 
their respective coefficients are shown for the individual N by variety interactions 
(N X V). Beaconsfield, 196? 
Varieties Maturity 
group 
kg/ha N applied 
0 180 360 
Means 
coeff, 
Simple effects of NSJ 
1 q 
MS coeff. MS 
Akaroa L 150 1,705 1,739 1,198 6,356 10,099,684 -2,028 3,084,511 
Masshardy L I4l 1,398 1,403 981 5,048 6,370,576 -1,669 2,089,953 
Rideau L 118 1,608 1,641 1,122 6,092 9,278,116 -1,943 2,830,394 
La tar L 136 1,584 1,398 1,039 5,048 6,370,576 -2,178 3,559,852 
Pennlate L 148 1,700 1,638 1,162 5,960 8,880,400 -2,152 3,473,241 
PI 257268 L 149 1,882 1,639 1,223 5,960 8,880,400 -2,634 5,205,971 
Va-58-V-l M 226 1,988 1,911 1,375 6,740 11,356,900 -2,452 4,509,115 
Danish M 170 1,639 1,869 1,226 6,796 11,546,404 -1,652 2,046,777 
Pennraead M 222 1,856 1,933 1,337 6,844 11,710,084 -2,076 3,232,251 
PI 231612 M 155 1,687 1,399 1,080 4,976 6,190,144 -2,427 4,416,423 
PI 199245 M 209 1,775 1,913 1,299 6,816 11,614,464 -1,903 2,718,232 
PI 262459 M 122 1.555 1,537 1,071 5,660 8,008,900 -1,935 2,807,131 
Commercial E 248 1,709 1,813 1,256 6,260 9,796,900 -1,809 2,454,652 
Boone E 221 2,097 2,087 1,468 7,464 13,927,824 -2,514 4,741,476 
Potomac E 215 1,910 1,948 1,357 6,932 12,013,156 -2,209 3,660,774 
Sterling E 256 2,254 2,096 1,535 7,360 13,542,400 -2,874 6,197,626 
Chinook E 114 1,609 1,648 1,124 6,136 9,412,624 -1,941 2,826,511 
Avon E 148 1,669 1,725 1,180 6,308 9,947,716 -1,953 2,861,562 
Wisconsin 52 E 162 1,704 1,921 1,262 7,036 12,376,324 -1,767 2,340,775 
Dayton E 162 2,020 1,998 1,393 7,344 13,483,584 -2,506 4,712,415 
Napier E 161 2,163 2,134 1,486 7,892 15,570,916 -2,708 5,499,810 
PI 202697 E 217 1,989 1,951 1,385 6,936 12,027,024 -2,413 4,368,024 
PI 237174 E 14% 1,642 1.626 1,139 5,916 8,749,764 -2,023 3,068,308 
Overall N mean 174 1,789 1,781 
^/aII linear and quadratic mean squares are significant at 0,01 level. 
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Percent P and K 
Applied P and K were not variables in this experiment. In order 
to ascertain the influence of applied N on the P and K content of the 
varieties, samples from each forage harvest were analyzed for P and K, 
Table 26 shows that applied N, varieties, and harvests all significantly 
influenced the P content of the forage during I966 and 196?. Table 2? 
shows that the percent P tended to decline with increased N. These 
results agree with those reported by Dotzenko and Henderson (1964), 
Available P and exchangeable K in the soil for this experiment 
for 1966 and 196? are shown in Table 2. It is evident that the P level 
is adequate for crop production. Ih general. Table 2? shows that the P 
level of the forage was adequate. The abnormally high P content of the 
forage from the zero N treatment for forage harvest 3» 196? is probably 
partially due to the limited dry matter produced plus the high level of 
P in the soil. 
Table 2 shows that exchangeable soil K was differentially reduced 
as the N rate increased. The percentage K in the forage was above 1,5 
which was the value at which possible yield limitations could result as 
discussed by Mortensen et al. (1964) and Griffith et al. (1964) for all 
harvests except forage harvest 4, I967 (Table 2?). It is evident that 
under high rates of applied N an annual application of 110 kilograms per 
hectare of K is not sufficient to sustain a satisfactory K level in the 
forage. The increased requirement for K by orchardgrass under high N 
rates as shown in Table 27 are in agreement with results reported by 
other workers previously cited in the literature review. 
The objectives stated at the outset of this experiment seem to have 
Table 26, Analysis of variance for percent P and K in 23 orchardgrass varieties as influenced by 
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Table 27. Mean percent P and K in harvested forage pooled over 23 orchardgrass varieties as 
influenced by rate of N. Beaoonsfield, I966 and I967 
Percent P Percent K 
1966 1967 1966 1967 
kg/ha N applied kg/ha N applied kg/ha N applied kg/ha N applied 
0 180 360 0 180 360 0 180 360 0 180 36O 
One 0.305 0.272 0.264 O.3O8 0.230 0.211 3.19 3.01 2.73 2.21 2.87 2.75 
Two 0.386 0.266 0.272 0.487 0.292 0.264 2.82 2.87 2.47 3.07 2.97 2.72 
Three 0.390 0.232 0.208 0.639 0.362 0.298 2.68 2.59 2.26 2.19 2.42 1.97 
Four 0.310 0.245 0.237 1.26 1.11 1.27 
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been fulfilled. Significant differences among varieties under the con­
ditions of this experiment were found. 
NFK Study 
Forage yields and the N, P and K content of orchardgrass were sig­
nificantly influenced by applied fertilizer. Response among sites was 
variable. Applied N accounted for most of the variation in forage yield 
and percent total N content, P and K contents of the forage were 
influenced by applied P and K respectively; however positive but very 
smal1 forage yield increases were obtained from these elements. In 
general, for all locations economical responses from applied P and K were 
nonexistent. 
Regression equations which will be discussed in following sections 
will have the variables in coded form unless specifically stated that 
the equation has been decoded. Table 28 contains coded values for time 
after application (T) and time after clipping (G) variables. Also, in 
this section N reapplied, P reapplied and K reapplied will be represented 
by Q, J and Z respectively. In addition, the Davis, Madison and Polk 
County sites will be referred to as Davis, Madison and Polk respectively. 
For sample periods prior to the first forage harvest, G was measured in 
days from the time the fertilizer was applied. Sample periods sub­
sequent to a forage harvest were measured in days from the respective 
harvest. Ihe T variables were coded by subtracting 70 and dividing by 
10 the elapsed time from the date of initial fertilizer application. N 
and Q were coded by subtracting 180 and dividing by 60, P and J by 
subtracting 42 and dividing by 14 and K and Z by subtracting 105 and 
102 
Table 28, Coded time after application (T) and time after clipping (G) 
values for all sampling periods for the 5 site-years of the 






1966 Coded values 
Madison 
Date , Date . 





1 - 4.0 29 29 Apr -5.4 15 29 Apr -31 39 6 May 
2 
- 3.3 36 6 May -4.8 22 6 May -20 50 17 May 
3^/ - 2.2 47 17 May -3.7 33 17 May -12 58 25 May 
- 1.2 57 27 May -2.9 41 25 May 1 13 7 June 
5 0 11 8 June -1.6 13 7 June 15 27 21 June 
6k/ 1.2 23 20 June -0.2 27 21 June 29 41 5 July 
7°/ 3.0 41 8 July 0.9 38 2 July 54 30 30 July 
sV • 4.5 15 23 July 3.7 28 30 July 86 62 31 Aug 









1 - 3.8 32 2 May -3.9 31 5 May 
2^ — 1.6 54 24 May -1.8 52 26 May 
3 0 16 9 June 0.7 25 20 June 
1.8 34 27 June 1.7 35 30 June 
5 3.7 19 16 July 3.5 18 18 July 
5.3 35 1 Aug 5.0 33 2 Aug 
7^ 13.9 86 26 Oct 
â/Dates initial fertilizer applications made, 
b/Forage harvests Polk site 1966, 
•S/Forage harvests Davis and Madison sites 1966, 
É/Forage harvests Davis site 196?. 
S/Porage harvests Madison site 196?. 
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dividing by 35* 
Standard partial regression coefficients (b*) for the independent 
variables were computed according to the method of Steel and Torrie 
(i960, ppo 284-285). These standard partial regression coefficients 
can be used to ascertain the relative influence of independent variables 
upon the dependent variable. In general the b' values were multiplied 
by a constant such that the independent variable with a smallest b' 
value but a t-value significant at the 0,05 level would have a b' value 
less than one. Variables with a t- or a b'-value greater than one were 
retained. Regression equations for percent NCy-N, total N, P and K, 
and forage yield were developed. The same independent variables were 
used for each equation even though some independent variables were 
significant only for a specific dependent variable. 
NO-j-N content 
The purpose of this experiment was not to determine all the factors 
that influence NO^-N content of forage but to monitor the NO^-N content 
during the growing season to ascertain the relative influence upon the 
NCy-N content by variables which can be controlled or altered by pasture 
management. 
Analysis of variance for NO^-N content for each site-year is 
shown in Table 29. The total sum of squares was almost equally pro­
portioned between treatments and harvests for both Davis site-years. 
This is true for Madison I966 but not for Madison 19^7 and Polk I966, 
The three applied variables N, P and K were entered in quadratic form 
and can be seen in Table 29, they account for a large portion of the 
treatment sum of squares. Different combinations for the five 
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Table 29. Analysis of variance for percent NOo-N content in orchard-




































































































































Table 29 (Continued) 
Sources of Degrees of Sum of Mean 
variation freedom squares square 
Davis 1967 
Blocks 1 Oo000006 0.000006 
Treatments (T) 31 3.57126 0.1152 ** 
Regression 9 3.15207 0.35023 ** 
Residual 22 0,41919 0.01905 ** 
Error (a) 31 0.07549 0.00243 
Harvests (H) 6 3.1796 0.5299 ** 
Regression 5 3ol706 0.6341 ** 
Residual 1 0.0090 0.0090 * 
TxH 186 3.4635 0.01862 ** 
Error (b) 192 0.3793 Oo00197 
Madison 196? 
Blocks 1 0.0000009 0.0000009 
Treatments (T) 31 4.40736 0.14217 ** 
Regression 9 3.82387 0.42487 ** 
Residual 22 0.58349 0.02652 ** 
Error (a) 31 0.10015 0.00323 
Harvests (H) 5 1.0938 0.21877 ** 
Regression 4 I.0908 .2727 ** 
Residual 1 0.0030 .0030 4+ 
TxH 155 1.5051 0.0097 ** 
Error (b) 160 0.1733 0.00108 
variables T, T^, G and were used to explain significant portions 
of the harvest sum of squares. 
Table 30 contains the regression equations for the five site-years. 
It must be remembered that these coefficients as shown are applicable 
only at the coded mean values of the variables. Comparison of coeffi­
cients among site-years and across sites is valid because all equations 
contain identical terms. The standard partial regression coefficients 
can be used as an indication of the relative influence of the different 
variables on the NO^-N content. It is obvious that differences exist 
Table 30, Coefficients (b) and standard partial regression coefficients (b*) for the individual 
regression equations for percent NOo-N in orchardgrass for 5 site-years of the NPK 










b b« b b« b b« b b« b b« 
b. 24-30 908 1601 2132 3731 
N - 140 + -11000 132+ 3980 740 + 57909 1417 ** 49200 875 + 68540 
n2 
- 54- ** - 171 47* 121 15 + 48 21 + 59 47 * 160 
P, 17 + 100 - 55+ - 285 83 * 490 28 + 259 - 38 + - 267 p2 
- 12 + - 33 8+ 31 - 7 + 20 12 + 49 - 10 + 30 
K_ - 75 * - 441 - 77+ - 435 - 109 + - 877 2 + 25 -131 ** - 921 
43 ** 115 - 15+ - 55 3 + 9 28 + 108 45 * 127 
NP 13 * 11 14+ 14 14 * 13 16 * 18 - 12 * - 12 
NK - 23 ** 21 - 31** - 32 - 24 ** 22 - 31 ** - 35 - 31 ** - 30 
PK 10 + 9 9+ 9 6 + 5 2 + 2 6 + 6 
Q 379 + 18494 623** 5638 226 + 11033 734- ** 7440 677 * 33080 
NQ 
- 127 + - 3316 - 34+, - 352 232 + 6o46 390 ** 4388 107 + 2790 
QZ 35 + 572 _ c/ - 84 + - 1364 - °/ - 6 + - 106 
To - 301 ** - 822 -365** - 880 - 414 ** - 1667 - 228 ** - 2098 - 274- ** - 943 
T? 40 ** 35 - 25** - 26 9 ** 4 - 17 * - 22 32 ** 59 
T3 2.4** 327 5** <1 7 ** 1 2 * 1 2 + <1 
S/aU b values XIO^ except as noted in footnote d, and b* values X10^« 
^In this and following tables in the NHC section 
** significance at the 0.01 level 
* significance at the 0,05 level 
+ 1 < t ^  that required for significance 
at 0,05 level, or relative b' value >1 
++ factors not significant by above 
criteria 
£/qZ = NK reapplied dropped in 1967* 
following notation denotes; 
time after application 
time after clipping 
N reapplied 
P reapplied, dropped I967 
predicted yield when the applied 
variables are at their coded mean 








Table 30 (Continued) 
Coefficients^/ and significance^ 
Variâtes Davis Madison Polk 
1966 1967 1966 1967 1966 
b b' b b' b b' b b« b b' 
NT _ 46 ** -306 - 70 **_ 48 _ 70 ** - 61 - 14 * - 15 _ 61 ** - 44 
KT 2.5+ 1 21 ** 13 4 + 3 12 * 12 4 + 3 
G 
- 25 * 48 160 ** 492 53 ** l4l 80 ** 249 - 31 + 96 
G2 0.4* <1 - 2 ** <1 
- ,9** <1 - 1 * <1 .34 <1 
NG 5.5** <1 8 ** 1 9.9** 2 7 ** 2 
- 5^4+ 
<1 
PG 0.74+ <1 2 * <L - 1 + <1 .3+4 <1 <1 
KG 0.1+4 <1 - 1 + <1 1 ++ <1 — 2 + <1 629É/+4 <1 
Sy 0.0637 .0779 ,0694 0O655 ,0674 
R2 785 .757 .741 .786 .794 
^Values X 10^ 
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among years within a site and among sites across years. T and NK are 
the only variables which are consistent (significant and similar in 
sign) in their influence upon NCy-N content at all five site-years, 
while is significant at all sites (common). That T is highly sig­
nificant should be expected because as the season progresses the plants 
utilize applied N thereby making less available to the plant. The 
negative coefficient of the NK interaction indicates that at high rates 
of N and K (above 180 and 105 kilograms per hectare, respectively) the 
NCy-N content is reduced, but in order to make predictions at other 
levels of the two factors, the equation must be decoded. This general 
relationship between N and K is reported in the chloride study. The b' 
values for N and Q would indicate that these variables have a large 
influence upon NO^-N content at all sites even though significant t-
values are not always observed. This is probably due to the fact that 
more variability is associated with N response than some of the other 
factors. 
Differences (in the number of significant factors accounting for 
variability of the NO^-N content) among the five site-years is an indi­
cation of the complexity of the relationships between applied nutrients 
and other unmeasured factors which varied among the five site-years. 
The R^-values as shown in Table 30 are rather consistent as are the 
variances with exception of Davis I967. Bartlett's test of homogeneity 
(Snedecor 1956) on these five variances gives a Chi-square value of 
1.046 which is not significant. The combined regression equation for 
NCy-N over all site-years is shown in Table A?. It contains 34 terras 
and has an of 0.717. Soil test P and K are highly significant 
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however their coefficients are relatively small compared to the linear 
effect of applied N and of T. The effect of pH is significant at the 
0.05 level; however the relatively large positive coefficient is 
difficult to explain. The possibility that some unmeasured variable is 
influencing the pH coefficient exists. 
Forage yield 
Total forage yields, for all five site-years are shown in Table 31. 
This table also contains treatment numbers, applied fertilizer rates and 
the coded values of the applied nutrients. 
Analysis of variance for forage yields for each site are shown in 
Table 32. As would be expected, harvests account for the largest 
portion of the total sum of squares at all sites. Treatments were 
significant at all sites. A quadratic model fitted to the three applied 
nutrients accounts for significant portions of the treatment sum of 
squares at all sites. 
Individual regression equations for forage yield for each site-year 
are shown in Table 33. It is pointed out again that these equations are 
in coded form. Twenty-one variables were included. It is obvious that 
variability exists within sites across years and among sites across 
years. The standard partial regression coefficients (b'-values) show 
that the effect of applied linearN and Q tend to influence forage yield 
the most. T is consistent in its influence upon forage yield while G, 
NT and NG are common; however of the four, T has the most influence as 
evidenced by the magnitude of the b*-value. In general the effects of 
applied P and K were very small at all site-years. The individual 
no 
Table 31. Treatment number and total orchardgrass forage yields for the 
5 site-years obtained with specified fertilizer rates and 
combinations in the NPK study 19^6, 19^7 
Treatment Fertilizer ratesf/ Forage yields^/ 
number Davis Madison Polk 
N P K 1966 1967 1966 1967 1966 
1 120(-1)2/ 28(-1) 70 -1) 5294 6875 4130 4162 5166 
2 120(-1) 28(-1) 140 1) 5865 7372 4201 4131 5205 
3 120(-1) 1) 70 -1) 6050 6779 4469 4784 5596 
4 120(-1) 56( 1) 140 1) 6174 7387 4343 4347 5317 
5 240( 1) 28 (-1) 70 -1) 6442 8367 6018 5561 6777 
6 240( 1) 28(-1) 140 1) 6822 8392 6355 6761 7221 
7 240( 1) 56( 1) 70 -1) 6818 8443 5740 6158 7364 
8 240( 1) 56( 1) 140 1) 7005 8650 6089 6230 6707 
9 180( 0) 42( 0) 105 0) 5637 7824 5240 4962 6456 
10 60(-2) 42( 0) 105 0) 5231 5618 3460 2839 3793 
11 300( 2) 42( 0) 105 0) 7329 9328 6477 6225 6816 
12 180( 0) 14(-2) 105 0) 6270 7887 5509 5822 6045 
13 180( 0) 70( 2) 105 0) 6198 7931 5640 5202 5699 
14 180( 0) 42( 0) 35 -2) 6352 8169 5180 5288 6048 
15 180( 0) 42( 0) 175 2) 6395 7936 5414 5777 5955 
16 0 (-3) 0 (-3) 0 -3) 4466 3610 1337 940 1020 
17 0 (-3) 0 (-3) 210 3) 4773 3888 1694 1014 1862 
18 0 (-3) 84( 3) 0 -3) 3953 3427 1720 1319 1503 
19 0 (-3) 84( 3) 210 3) 4800 4744 1797 1220 1761 
20 360( 3) 0 (-3) 0 -3) 7086 8316 6073 4492 7108 
21 360( 3) 0 (-3) 210 3) 5882 9578 5034 4268 7476 
22 360( 3) 84( 3) 0 -3) 7055 9361 6556 5892 7700 
23 360( 3) 84( 3) 210 3) 7396 9653 6844 6297 8110 
24É/ 120(-1) 28(-1) 70 -1) 6706 8802 5972 5946 7103 
25 120(-1) 28 (-1) 140 1) 6582 8784 5796 5401 7485 
Rates of N, P and K in kg/ha, 
^-/yields are means over two replications expressed as kg/ha oven 
dry material. 
Coded values, 
^-^1966 treatments 24-32 were in spring and after first harvest, in 
1967 only the N was applied in the spring and after the first harvest. 
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Table 31 (Continued) 
Treatment Fertilizer ratesi/ Forage yields^ 
number Davis Madison Polk 
N P K 1966 1967 1966 1967 1966 
26 120(-1) 1) 70(-l) 7120 8832 56^ 5494 7513 
27 120(-1) 56( 1) 140( 1) 7672 9044 6462 6108 7423 
28 180( 0) 42( 0) 105( 0) 7139 9801 7284 6515 8647 
29 180( 0) l4(-2) 105( 0) 6656 9470 5842 4615 6891 
30 180( 0) 70( 2) 105( 0) 7243 9499 6831 6780 8186 
31 180( 0) 42( 0) 35(-2) 7626 9747 7192 6437 8154 
32 180( 0) 42( 0) 175( 2) 7149 97^7 7025 5984 6950 
2 R -values are fairly consistent with the exception of Polk I966, The 
individual variances are more variable. Subjecting the five variances 
to Bartlett's test of homogeneity gives a Chi-square value of 4*89 
which has a probability of approximately 0,30. Thus, the possibility 
that differences, which influenced forage yield existed among the site-
years. Data from the five site-years were pooled into a single 
regression equation shown in Table A8. The applicability of a single 
equation as compared to five separate ones can be evaluated by compar-
in an F-test, the residual sum of squares from the combined 
equation and the sum of individual residual sums of squares from the 
five equations. The combined equation was found to differ signifi­
cantly from the individual equations as shown in Table 3^. The addition 
of soil test variables was not sufficient to account for variability 
among the site-years. Undoubtedly other factors such as moisture, 
temperature, grass stand and soil type are influential in influencing 
total forage yields. Moisture and temperature data for the five site-
year locations are shown in Tables 6 and 7» The simple correlation 
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Table 32. Analysis of variance for total forage yield of orchardgrass 


































































































































Table 32 (Continued) 
Sources of Degrees of Sum of Mean 
variation freedom squares square 
Davis 1967 
Blocks 1 4,216.8 4,216,8 
Treatments (T) 31 51,928,736 1,675,120 ** 
Regression 9 49,431,238 5,492,359 ** 
Residual 22 2,497,498 113,522 
Error (a) 31 2,425,575 78,244,3 
Harvests (H) 3 575,862,528 191,954,176 ** 
Regression 2 574,929,999 287,464,999 ** 
Residual 1 932,529 932,529 ** 
TxH 93 41,591,904 447,224,7 ** 
Error (b) 96 6,454,688 67,236.3 
Madison 1967 
Blocks 1 183,704,8 183,704.8 
Treatments (T) 31 60,094,640 1,938,536 ** 
Regression 9 55,056,028 6,117,336 ** 
Residual 22 5,038,612 229,027 * 
Error (a) 31 2,864,931 92,417,1 
Harvests (H) 2 168,779,456 84,389,728 
Regression 1 18,077,205 18,077,205 ** 
Residual 1 150,702,251 150,702,251 ** 
TxH 62 34,562,048 557,452.4 ** 
Error (b) 64 2,880,864 45,013.5 
between the mean forage yields and total moisture for the period 1 April 
to 31 October as shown in Table 35 has an r-value of Oo90^ and is sig­
nificant at the 0,05 level, thus indicating that moisture, as expected, 
strongly influences forage yield. If the Madison and Polk sites are 
considered alone, it appears that the Polk site is producing more forage 
on the same amount of moisture. When topographical and soil series are 
considered this is understandable because the Polk site is nearly level 
with a fine sandy loam texture (thus a higher infiltration rate), as 
compared to the Madison location which had more slope and a silty clay 
Table 33» Coefficients (b) and standard partial regression coefficients (b') for i 
years for forage yield of orchardgrass in the NPK study, I966, 196? 
Coefficients and significance for for 
Variates Davis Ma 
1966 1967 1966 
b b» b b' b b» 
bo 3038.6 1015.6 6542.1 
N 568.9** 195.8 108.1** 11.8 1532.8** 602.6 
n2 
- 20.1+ - 1.4 - 119.6** - 4.4 — 58.8** 
- 3.3 
P 24.9+ 1.3 17.8+ 0.8 36.6** 1.6 
P2 
— 48. 6** 
- 2.9 12.0++ 0.7 - 26.1* - 1.3 
K 5.6++ 0.3 35.5* 1.6 1.2++ 0.0 
K2 15.8++ 0.9 16.2++ 0.9 — 0.0++ - 0.0 
NP 8.4+. 0.1 3.7++ 0.0 7.9+ 0.1 
NK — 9.4* - 0.1 1.4++ 0.0 5.2+ - 0.0 
PK 9.4* 0.1 3.2++ 0.0 5.1+ 0,0 
Q 58.5+ 12.6 134.9** 16.7^, 198.3** 42.6 
J 110.7** 15.3 ——— b/ 69.8+ 9.7 
Z 1.3++ 0.1 — M 16.1+ 2.2 
T 
- 293.3** - 7.9 - 412.2** - 8.9 — 54.6** - 2.2 
NT 14.2** 0.1 
- 27.1** — 0.0 37.6** 0.0 
N2T 4.6+ 0.0 11.7** 0.0 16.5** 0.2 
PT 2.8++ - 0.0 
- 1.7++ — 0.0 - 3.5+ - 0.0 
P2T 7.9* 0.0 — 0.7++ — 0.0 2.1++ 0.0 
KT - 0.1++ - 0.0 — 2.8+ — 0.0 
- 0.7++ - 0.0 
K2T 
- 4.1+ — 0.0 0.2++ 0.0 - 1.1++ - 0.0 
G 11.3** 0.1 64.7** 0.2 - 82.6** 
- 1.3 
NG 
- 7.7** - 0.0 4.5** 0.0 - 29.2** - 0.2 
s y 281.7 362.5 286.9 
R2 0.939 0.954 0.928 
oefficients (b') for individual regression equations for the 5 Site-
study, 1966, 1967 
[ significance for forage yield 
Madison Polk 
1966 1967 1966 
b b» b b' b b» 
6542.1 14221.6 4191.7 
169.0 1532.8** 602.6 2407.7** 1346.0 659.2** 
58.8** 
- 3.3 - 108.4** - 4.2 - 160.7** - 11.0 
36,6** 1.6 46.9* 2.3 21.6+ 1.1 
26.1* 
- 1.3 - 16.4+ 1.0 - 11.7++ - 0,6 
1.2++ 0.0 9.4++ 0.4 - 7.4++ - 0.4 
0.0++ - 0.0 16.2+ 1.0 33.5+ 1.9 
7.9+ 0.1 15.9** 0.2 4.0++ 0.0 
5.2+ - 0.0 5.1++ 0.0 - 1.5++ - 0.0 
5.1+ 0.0 1.8++ 0.0 3.4++ - 0.0 
198.3** 42.6 273.2** 49.3 131.4+ 28.2 
69.8+ 9.7 — —  138.5* 19.2 
16.1+ 2.2 Mi mm M 10.7+ 1.4 
54.6** - 2.2 — 886.2** - 68.9 - 283.6** 
- 7.5 
37.6** 0.0 - 137.0** - 5.2 - 26.5** - 0.2 
16.5** 0.2 20.4** 0.2 35.5** 0.4 
3.5+ - 0.0 2.4++ 0.0 - 2.0++ - 0.0 
2.1++ 0.0 6.8++ 0.1 - 1.7++ - 0.0 
0.7++ - 0.0 1.3++ 0.0 4.6+ 0.0 
1.1++ - 0.0 - 12.1+ 0.2 - 13.2** - 0,1 
82.6** 
- 1.3 - 253.2** - 5.8 - 4.6+ - 0.0 
29.2** - 0.2 48.7** - 0.6 
- 4.7* - 0,0 
286.9 378.5 421.2 
0.928 0.908 0.888 
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Table 3^. Analysis of variance for pooled versus individual regressions 








Sum of Mean 
squares squares 
Individual regressions 101 1,527,312,985 
Common regressions 37 1,129,904,430 
Deviations from common 64 397,408,555 6,209,508** 
regressions 
Error 986 542,836,602 505,544 
Table 35» Experiment mean forage yields and total moisture for the 
period 1 April to 31 October for five site-years of the NFK 
study 1966, 1967 




Davis 1966 6349 50.38 
Davis 1967 7919 77.88 
Madison I966 5230 45.44 
Madison I967 4904 45.53 
Polk 1966 6094 45.44 
loam texture. Therefore, with this discrepancy in mind, it is con­
ceivable that the correlation between mean forage yield and moisture 
is better than 0.904 from the data in Table 35* 
The analysis of variance for total forage yield for each individual 
site-year and for the sites pooled across years is shown in Table 36. 
Treatments were highly significant for each individual site-year. The 
Table 36» Analysis of variance for total forage yield for each of 5 site-years and pooled among 












Blocks 1 27,348 9,677 363,307 551,120 204,078 
Treatments 31 1,802,503** 6,669,693** 5,493,929** 5,815,612** 8,302,286** 
Error 31 152,976 319,147 143,936 277,248 496,060 
Davis 1966 & 1967 Madison I966 & I967 
Blocks 1 2,244 904,680++ 
Treatments (T) 31 7,409,777** 11,075,516** 
Error (a) 31 303,891 316,782 
Years (y) 1 78,365,759** 3,378,374** 
TxY 31 1,062,415** 234,024* 
Error (b) 32 163,941 101,319 
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pooled yields over years for the Davis and Madison sites botli show 
highly significant differences between years. That this should be 
the case for Davis is understandable because there was 25 centimeters 
more moisture in 19^7 than I9660 The magnitude of the Madison mean 
square is considerably below that of Davis, Also, as shown in Table 35, 
the overall change in mean yield for Madison was approximately 300 
kilograms per hectare. Even though the total rain fall for both years 
was essentially identical, the distribution as shown in Table 7 was 
better in I966 than I967. This could be a possible reason for the 
slight reduction in total forage yield for I967, 
Prediction equations for total forage yield as a function of 
applied variables for individual site-years are shown in Tables 37 and 
38, As previously stated, nine of the original treatments were 
reapplied after the first cutting in I966 and in I967 only N was re­
applied, These reapplied nutrients were coded the same way as the 
original treatments. Table 37 contains regression equations for total 
yield using only treatments 1 to 23, Regression equations using all 32 
treatments plus added variables compensating for the reapplied 
2 
nutrients are shown in Table 38, Thus the R -values for each location 
are essentially identical as far as predicting total yields are con­
cerned, either set of equations should work equally well» 
The linear effect of applied N had the most influence on forage 
yield at all sites. The response to P and K was variable but in all 
cases very small, 
Davis 1966 and 1967 Table 39 shows the regression equations 
for forage yield pooled across years within sites and pooled across 
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Table 37o Coefficients (b) and standard partial regression coeffi­
cients (b') for a quadratic model fitted to total forage 
yields from treatments 1 to 23 for 5 site years of the NPK 
study, 1966, 1967 
Variates b 
1966 




bo 6327.8 7959.3 
65.6 411.11** 31.1 30.9 870.16** 38.8 
- 27.58+ 42.4 - 2.8 - 135.78* 52.9 -13.9 
P 50.84+ 31.1 3.8 64.97+ 38.8 4.9 
p2 
- 39.08+ 42.4 - 4.0 - 26.91+ 52.9 - 2.7 
K 25.19+ 31.1 1.8 117.27** 38.8 8.8 
K2 4.26+ 42.4 
- 4.3 9.02++ 52.9 0.9 
NP 26.24* 11.4 0.7 6.77++ 14.2 0.2 
NK - 27.86* 11.4 - 0.7 - 1.87++ 14.2 - 0.0 
PK 27.64* 11.4 0.7 I.38++ 14.2 0.0 
V = 413.0 R2 = 0.856 Sy = 514.8 = 0.941 
Madison 
b. 5393.3 5483.5 
N 761.02** 32.5 57.2 720.75** 45.4 54.3 
N2 
- 133.65** 44.4 -13.6 - 249.96** 61.9 -25.7 
K 97.00** 32.5 7.3 132.99** 45.4 10.0 p2 17.9+ 44.4 1.8 - 5»02++ 61.9 - 0.5 
h 1.64++ 32.5 0.1 25.55+ 45.4 1.9 
- 51.52+ 44.4 - 5.2 O.I5++ 61.9 0.0 
NP 23.23+ 11.9 0.6 37.84* 16.6 1.0 
NK - 15.12+ 11.9 '0.4 5.49++ 16.6 0,1 
PK 14.07+ 11.9 • 0.3 3.91++ 16.6 0.1 
V = 432.2 = 0.948 s = 602.5 R^ = 0.915 
Polk 
bo 6213.7 
N 972.47** 47.1 73.2 
n2 
- 166.77* 64.3 -17.0 
P 53.93+ 47.1 4.0 
p2 
- 24.90+ 64.3 - 2.5 
K 56.73+ 47.1 4.2 
K2 7.53++ 64.3 0.7 
NP 10.87++ 17.2 0.3 
NK - 4.37++ 17.2 - 0.1 
PK - 9.58++ 17.2 - 0.2 
=y = 625.6 = 0.931 
119 
Table 38. Coefficients (b) and standard partial regression coefficients 
(b') for a quadratic model plus reapplied variables fitted 
to total forage yields of orchardgrass for 5 site-years of 
the NFK study, 1966, I967 
Variates Coefficients for I966 
Davis Madison Polk 
b b' b b' b b' 
bo 7225.8 6915.1 7850.0 
n - 299.7+ -237.7 213.3+ 169.3 - 936.6+ -743.4 
N2 • 31.0+ - 3.1 - 118.7** - 11.8 - 134.6* - 13.4 
50.8+ 3.8 97.0** 7.3 53.9+ 4.0 
p2 
' 55.8+ 4.4 - 55.8+ - 4.5 - 35.3+ — 2.8 
25.1+ 1.8 1.6++ 0.1 56.7+ 4.2 
16.3+ 1.3 5.9-!'+ 0.4 - 17.3+ 1.4 
NP 25.2* 0.6 23.8+ 0.6 11.7++ 0.3 
NK ' 26.6* 
- .7 15.8+ - 0.4 5.8++ - 0.1 
FK 28.5* .7 15.5+ 0.4 - 10.2++ - 0.2 
Q 197.7+ 66.3 382.6* 128.2 581.7* 194.5 
J 180.6* 39.3 103.6+ 22.4 194.7+ 42.2 
Z ' 78.6+ - 7.8 19.0+ 4.1 - 235.1+ 51.1 
NQ 236.9* . - 63.1 - 182.5+ - 48.3 - 636.3** -169.1 
S = 407.3 = 0.863 s,- = 429.9 = .947 s = 666.9 R2=.918 
«7 Coefficients for 1967 y 
9689.7 6118.6 
- 294.5+ -189.8 - 486.1+ -316.9 
- 131.2* - 13.1 - 231.7** - 23.2 
P 60.9+ 4.3 164.4** 11.6 
p2 
- 36.8+ - 2.9 - 46.0+ 
- 33.7 
105.0** 7.4 14.3++ 1.0 
13.9+ 1.1 20.6+ 1.6 
NP 6.6++ 0.1 38.2* 1.0 
NK - 1.5++ - 0.0 5.4++ 0.1 
PK 1.7++ 0.0 5.6++ 0.1 
Q 576.2** 76.6 208.0* 28.5 
NQ - 388.2** 84.3 - 402.3** - 88.0 
497.9 = 0.940 s = 598.9 = 0.901 
120 
Table 39. Coefficients for total forage yield regression equations 
pooled among years within sites and among all 5 site years 
of the NFK study, 1966, 196? 
Variates Coefficients 
Davis Madison Pooled over 
1966 & 1967 1966 & 1967 5 site years 
b sb b Sb b s^ 
Treatments 1 to 23 
bo 7143.6 5438.4 6275.5 
N 640.6** 52.1 740.8** 29.4 747.1** 41.9 
_ 81.6+ 71.1 - 191.8** 40.1 - 142.7* 57.2 
P 57.9+ 52.1 114.9** 29.4 79.9+ 41.9 
p2 
- 32.9++ 71.1 6.4++ 40.1 - 15.6++ 57.2 
71.2+ 52.1 13.5++ 29.4 45.2+ 41.9 
2.3++ 71.1 - 25.6++ 40.1 - 7.8+ 57.2 
NP 16.5++ 19.0 30.5** 10.7 20.9+ 15.3 
NK - 14.8++ 19.0 - 4.8++ 10.7 - 8,7+ 15.3 
PK 14.5++ 19.0 8.9++ 10.7 7.4+ 15.3 
978.2 551.6 1244.9 
• 
679 .913 .636 
Treatments 1 to 32 
bo 8457.8 6531.8 7575.4 
N- - 373.7++ 481.8 — 214.0++ i 256.5 - 401.5+ 364.0 
- 81.1+ 74.6 
- 173.3** 39.6 _ 127.4* 56.3 
66.7+ 52.8 136.9** 27.9 96.9* 39.8 
p2 
- 46.3++ 60.2 - 51.8+ 31.9 - 46.8+ 45.4 
K_ 60,4+ 52.8 9.1++ 27.9 33.5++ 39.8 
15.I++ 60.2 12.3++ 31.9 6.9++ 45.4 
NP 15/H+ 20.5 30.7** 10.8 20.6+ 15.5 
NIC _ 14.8++ 20.5 - 5.2++ 10.8 - 8.9++ 15.5 
PK 15.1++ 20.5 10.5++ 10.8 8.2++ 15.5 
Q A37.9** 99.2 362.0** 53.4 432.3** 75.2 
NQ _ 338.1* 162.8 _ 318.2** 86.6 _ 382.8** 122.9 
Sy 1056. ,4 559.7 1259.4 
R2 ,636 .901 .615 
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all five site-years. The R^-value for the Davis pooled equation is 
0,679 which is considerably less than the individual R -values of 
0.856 and 0.941 as shovm in Table 37» Table 40 shows a significant 
difference between the pooled equation for Davis I966 and I967 and the 
individual regression equations. Table 37 also shows that the b-values 
for some of the coefficients especially N to be of different magni­
tude. Because it was an objective of this experiment to compare 
corresponding regression coefficients for two growing seasons, t-test 
comparisons were made and are shovm in Table 4l. The t-test was made 
as follows; 
t = ^i6 - ^ i7 
a/ ®bi6 "*• ®bi7 
where t has N-2 degrees of freedom 
bi6 is the I966 regression coefficient for variable; 
bi7 is the I967 regression coefficient for variable; 
and the covariance between bi6 and bi7 is assumed to be zero. 
The linear coefficients of N were significantly different at 
the 0.01 level while those for K at the 0.10 level. Two highly 
probable reasons for the I967 linear N coefficient being almost 
double that for I966 were: 1. high initial fertility as evidenced by 
a check yield of over ^t400 kilograms (Table 31 ) 5 and 2. more moisture 
available during I967 which iziduced more growth thus making more 
efficient use of the applied N. The larger linear K coefficient for 
1967 was probably related to the increase in growth which placed a 
larger demand on the need for available K plus the fact that available 
K ±n the soil was approaching the point where possible deficiencies 
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Table 40. Analysis of variance for pooled versus individual regressions 
for total forage yield for Davis and Madison sites and for 





































Pooled over five site-years 
Individual regressions 4-5 646,840,092 
Common regressions 9 












Table 41. A t-test comparison between corresponding regression 
coefficients estimated by regression analysis for the I966 
and 1967 total forage yields of orchardgrass; Davis site 
Coefficient of Computed 
t-value 







could occur (Table 5)« 
The individual regression equations from Table 37 should provide 
better estimates of total forage yield than the pooled equation of 
Table 39. The equation for I966 will be examined first. The equation 
in decoded form is as folloi/rs: 
T = 4313 + 9.3N + 9olP + 0.9K - 0,007n2 - 0,19?^ - 0.0034k^ 
+ 0,03NP - OcOlNK + 0,056PK, (1) 
It is now evident that of the applied nutrients, linear effects of N 
and P are having the largest influence on yield. From an economic 
standpoint N and P may be economically feasible, but the application of 
K is not feasible. Therefore, by applying no K (K=0) equation 1 
becomes 
Y = 4313 + 9.3N + 9.1P - 0,007N2 - 0.19P^ + 0.03NP. (2) 
Â theoretical maximum yield can now be calculated because both the 
and P^ terms have negative coefficients. The amounts of N and P 
required for the theoretical maximum can be found by equating the 
partial derivatives of equation 2 with respect to N and P to zero and 
solving simultaneously for N and P as follows; 
2T/aN = 9.3 - 0,01% + 0,03P, and (3) 
3Y/aP = 9.1 - 0,38P + 0.03N, (4) 
Substituting the calculated values of 863 and 92 kilograms per hectare 
of N and P respectively into equation 2 gives a predicted maximum 
yield of 8736 kilograms of forage per hectare. There are no other 
values of N and P which will give this predicted maximum yield. The 
amount of N required for this maximum is outside the limits of observa­
tion in this experiment. For selected yields below that of the maximum 
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there are several combinations of N and P which can be used to achieve 
the selected yield. However, the selection of the amounts of N and P 
for orchardgrass production at yield levels less than the maximum 
yield becomes, from an economic standpoint, a selection of the minimum 
cost combination of N and P for a particular yield. This minimum 
cost combination of N and P is determined from the intersection of 
isoquant and isocline lines computed from prediction equation 2 for a 
specified yield and for specified nutrient costs, 
Isoquants, lines connecting points of equal yield, can be computed 
from prediction equation 2 by solving for N as a function of P and Y, 
Isoclines, lines connecting points of equal slope on successive 
isoquants, are computed from production function 2 by considering it an 
implicit function of N and P, Then, the partial derivative of P with 
respect to N is computed and equated to the negative N;P price ratio, a. 
This equation can then by solved for P as a function of N and the 
nutrient price ratio a. 
However, before spending a considerable amount of time to calculate 
isoquants and isoclines as indicated above, visual inspection of equa­
tion 2 plus present knowledge of the prices of P and forage would 
indicate that use of P is not economically feasible» That is, if 
equation 4 is equated to the price ratio, a, just defined, and evaluated 
at N equal to 36O kilograms per hectare, P is negative indicating no 
additional P required. It is also true that with an interaction between 
N and P, the effect of applied P is not independent of applied N and 
from a statistical standpoint one cannot delete a terra without refitting 
a new equation to the data. But, by applying no P (B=0), equation 2 
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becomes 
Y = 4313 + 9.3N - O.OOTN^. (5) 
Now the amount of N to apply depends on the price of N, p^ and the 
price of forage, pp. Let a be this ratio (p^/pp), then if the partial 
derivative of equation 5 with respect to N is equated to a, N can be 
found as a function of a as follows: 
« = !ôiôBF • 
Thus, N would not be applied until the price ratio a, which is a 
function of the price of N and forage becomes less than 9»3» 
Next consider the regression equation for Davis I967 from Table 37. 
This equation in coded form is as follows: 
Y = 7959 + 87ON - 136N^ + 65P - 27p2 + IITK + 9K^ + 7NP - 2NK 
+ IPK , (7) 
where Y is the predicted forage yield and N, P and K are the nutrients 
in coded form. 
2 
It is impossible to calculate a maximum because the K term is 
positive. To evaluate the feasibility of using K, the partial deriva­
tive of equation 7 must be greater than a, where a is the ratio of the 
price of K, pg to price of forage, pp, as shown in equation 8, 
aY/3K = 117 + 18K - 2N + P >a . (8) 
Evaluating equation 8 for N, P and K equal to 3 (maximum rate 
applied) and a equal to 35;((pg/pp) where p^ and Pp are $0«11 and 
$0,022 per kilogram respectively shows K is not economically feasible. 
Substituting K equal to -3 (zero K applied) into equation 7 and 
evaluating gives equation 9: 
Y = 7689 + 876N - 136N^ + 62P - 27P^ + 7NP . (9) 
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The partial derivatives of equation 9 with respect to N and P are 
31/311 = 876 - 272N + 7P, and (10) 
2Y/JP = 62 - jkP + 7N. (11) 
Equating equations 10 and 11 to zero and solving simultaneously for N 
and P gives values of 3.26 and 1.57 coded units of N and P respectively. 
Substituting these values into equation 9 provides the predicted raaxi-
rmm of 9»l66 kilograms of forage per hectare. 
Visual inspection of equation 9 shows that an economical response 
from P is doubtful. Equating equation 11 to a (the ratio of price of 
P to price of forage) and evaluating for N = 3 (maximum applied) gives 
equation 12; 
(12) 
Therefore, P will not be applied until a is less than 17.5* Evaluation 
of equation 9 for applied P equal to zero (coded - 3) gives equation 
13: 
Y = 7260 + 855N - 136N^, (13) 
where Y is the predicted forage yield and N is the applied nutrient in 
coded units. Equating the partial derivative of equation 13 with 
respect to N to zero, gives a value of 3.l4 coded units of N. Substi­
tuting this value into equation 13 gives a predicted maximum of 8604 
kilograms of forage per hectare. 
Forage yield as a function of applied N is shown in Figure 12, 
Again, the economic optimum will depend on relative prices of N and 
forage, 
Harlan (I960) reports that 20 pounds of forage was required to 
produce a pound of beef. Using 20 kilograms of forage for a kilogram 
Figure 12, A : Predicted forage yield of orchardgrass as a function 
of applied N, Davis 196? 
B : Predicted beef production as a function of applied N, 
Davis 1967 
(Dashed lines are limits of the observations) 
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of beef per hectare, equation 13 can be converted to: 
B = 363 + 42.7N - 6.8N^ , (14) 
where IB is the predicted kilograms of beef per hectare and N is the 
applied nutrient in kilograms per hectare (coded units). 
This relationship between beef production and applied N is shown 
in Figure 12B, The slight discrepancy between the predicted maximum 
for beef and forage is due to rounding errors. By setting the partial 
derivative of equation 11 with respect to N equal to the price ratio 
of N to beef, a, the optimum amount of N to use can be found. Table 
42 shows the optimum amount of N, gross and predicted net returns for 
different prices of N and beef. Under the price ratios considered, it 
is evident that under the conditions of this experiment the optimum 
predicted N rate is over 200 kilograms per hectare (equivalent to 
approximately I80 pounds per acre). 
Vanderlip (I965) found with bromegrass that applications of 120 
pounds of N per acre were generally in the non lethal range as far as 
the NCy-N level for livestock was concerned. Consider the equation 
for Davis I967 from Table 30: 
Y = (908 + 132N + 47N^ - 55P + 8?% - 77K - 15K^ + 14NP - 31NK 
+ 9PK + 623Q - 34NQ - 365T - 25T^ + 5T3 - 70NT + 21KT + I6OG 
- 2G^ + 8NG + 2PG - IKG) XIO"^. (15) 
where Y is the predicted NCy-N value with the variables in coded form. 
Consider that 200 kilograms of N per hectare were applied on 31 March 
(0.3 coded units), that P, K and Q were zero (-3 coded) and that T and 
G were -3.8 and 32 respectively. Evaluating equation 15 gives a 
predicted NO^-N content of 0.3665^, Depending on several factors, this 
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Table 42. Optimum N rate at specified N and beef prices, predicted 
beef production and gross and net returns for the 196? 
Davis experiment 
Price per kilogram Opti­• Beef Ferti­ Gross Net 
Price N Beef mum pro­ lizer returns returns 
situa­ rate duction cost 
tion N 
kg/ha kg/ha $/ha $/ha $/ha 
A $0.22 ($0.10)2/ $0.528($0.24) 263 409 57.06 215.98 158.09 
B $0.22 ($0.10) $0.44 (0.20) 239 398 52.58 175.12 122.54 
C $0.22 ($0.10) $0.352($0.16) 206 380 45.32 133.76 88.44 
D $0.26 ($0.12) $0.44 ($0.20) 215 385 55.90 169.40 113.50 
E $0.176($0.08) $0.44 ($0.20) 266 410 46.82 180.40 133.58 
^Prices of N and beef in $ per pound. 
may or may not be toxic; however, it is above the 0,21# NCy-N level as 
discussed by Vanderlip (1965). 
If equation 15 is evaluated under the same conditions with the 
exception that the N mil be applied in two equal applications, i.e., 
N and Q equal to -1.3 (Q still -3 at this date), a predicted NCy-N 
value of 0.25?# is obtained. This latter value is still high, but 
considerably reduced over that for one application. 
To evaluate the effect of equal applications on forage yield, 
consider the equation for Davis 19^7 from Table 38 which is in coded 
form. Therefore set P and K equal to -3 (equivalent to zero applied) 
and divide by 20 (convert kilograms of forage to kilograms of beef) to 
obtain equation 
B = 450 - 15.5N - 6.5N^ + 28.8Q - 19Am o (16) 
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Using price situation C from Table 42 with the N split into two equal 
applications, equation l6 gives a predicted beef production of 391 
kilograms per hectare as compared to 380 kilograms for the single appli­
cation. 
Thus, the predicted yield from an equally split application is 
slightly superior to a one time application. A possible reason for 
this could be the rainfall distribution for the Davis site during I967. 
Application of part of the N after the first harvest may have caused 
more N to be available to the crop so that the fall moisture was more 
effectively utilized. This may not always be the case, thus additional 
research is needed before definite conclusions between single and split 
applications can be made. 
Madison 1966 and 1967 The forage yield regression equations 
for Madison I966 and I967 do not appear to differ much as evidenced by 
the R^-value of O.9OI from Table 39 for the pooled equation compared 
to R^-values of 0.948 and O.915 for I966 and I967 respectively as shown 
in Table 37. Also, the deviations from common regression mean square 
from Table 40 and the computed t-values for individual terms shown 
in Table 43 are not significant. Therefore, the pooled equation for 
Madison I966 and I967 experiments from Table 39 was used to examine 
the yield response of orchardgrass to the applied variables. 
2 The P term is positive therefore a maximum yield can not be 
predicted. K is not significant, therefore consider no K application 
(K = -3) then the resulting prediction equation for forage yield as a 
function of N and P is as follows: 
Y = 5166.3*+ 755.3N + 88P - 191.8N^ + 6.4P^ + 30.5NP, (1?) 
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Table 43. A t-test comparison between corresponding regression 
coefficients estimated by regression analysis for the I966 
and 1967 total forage yields of orchardgrass, Madison NPK 
study 








where Y is the predicted forage yield in kilograms per hectare; and N 
and P are coded values of the applied nutrients. 
Figure 13 shows the relationship between forage yield and applied 
N at four levels of applied P, The feasibility of applying P can be 
determined from Figure 13 by comparing the increased return against the 
cost of the nutrients. In general it was not economically feasible 
to apply P, An economic analysis similar to that for Davis could be 
applied to determine the optimum amount of N to apply. 
The forage yield from a split application could be compared with 
that from a single application. For this comparison, assume the price 
of N equals $0,22 per kilogram, the price of forage equals $0,022 per 
kilogram and no P is applied. Equation 1? then becomes; 
Y = 4959.9 + 663.8N - 191.BN2 (18) 
and the economic optimum for N can be found from equation 19 
3Y/3N = 663,8 - 383.6N = a , (19) 
Because the N is in coded units, a is 6OO, Solving equation 19 for N 
Figure 13. Predicted forage yield of orchardgrass as a function of 
applied N for four levels of P pooled over two years, 
Madison 1966, I967 
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gives 0,166 coded units (280 kilograms per hectare) of N for the 
economic optimum. Substituting this value back into equation 18 
gives a predicted economic optimum of 5065 kilograms of forage per 
hectare. 
The equation from Table 39 for Madison I966 and I967 for treat­
ments 1 to 32 with coded P and K equal to -3 (equivalent to zero 
applied) gives 
Y = 5832.8 - 29O.5N - 173.3N^ + 362Q - 318.2NQ . (20) 
Dividing the coded value of .166 into two equal portions gives N and Q 
equal to -1.4 units respectively. 
Substituting these values into equation 20 gives a predicted yield 
of 4770 kilograms of forage. Thus, the split application results in a 
slight reduction over that of the single application contrasted to 
that of Davis I967. Again, a possible reason for a yield reduction at 
Madison but an increase at Davis may be the lack of moisture at Madison 
in the fall. This hypothesis of water shortage is supported by the low 
yields observed. 
Polk 1966 The regression equation from Table 37 for Polk I966 
shows that is positive, thus a predicted maximum is not possible. 
In order to evaluate the need for K the partial derivative of equation 
21 with respect to K, with N and P equal to 3 (applied maximum), must 
be greater than the ratio of the price of K to the price of forage, a, 
Y = 6214 + 972N - 167N^ + 54P - 25P^ + 57K + 7%% + IINP - 4m: 
- lOPK. (21) 
The partial derivative of equation 21 with respect to K is; 
3T/)K = 57 + 14K - 4N - lOP , (22) 
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Evaluating equation 22 at K equal 3 and a equal to 5 (oc must be multi­
plied by 35 because it is in coded form) indicates it is not economical 
to apply K. Therefore equation 21 was evaluated at K equal to -3 to 
form: 
Y = 6l06 + 98% - 167N^ + 84P - 25P^ + IINP . (23) 
It is now possible to calculate a maximum because both the and 
terms have negative coefficients. The partial derivatives of equation 
23 are shown in equations 24 and 25 respectively. 
2Y/3N = 984 - 334N + HP . (24) 
8Y/3P = 84 - 50P + UN . (25) 
Equating equations 24 and 25 to zero and solving simultaneously gives 
coded values of 3*02 and 2.34 units of N and P respectively for the 
predicted maximum yield. Substituting these values into equation 23 
gives a predicted maximum of 7692 kilograms of forage per hectare. 
The economic use of P is doubtful. P is not independent of N 
because of the NP interaction. Therefore, equate equation 25 to the 
ratio of the price of P to the price of forage and solve for P at the 
predicted maximum of 3*02 for N. Equation 25 becomes 
p = 117 (26) 
with a equal to 20 (a must be multiplied by l4 because it is in coded 
units), P is not required. Evaluate equation 23 at P equal to -3 and 
obtain 
Y = 5629 + 95IN - léTN^ , (27) 
where Y is the predicted forage yield in kilograms per hectare and N is 
the added nutrient in coded units. The economic amount of N to apply 
will depend on the price of N and forage and is calculated as previously 
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discussed. 
An evaluation of the relationship between yield, applied N and 
applied P can be observed from Figure 14. The isoquant curves were 
computed from isoquant equation 28 which was computed from prediction 
equation 23 by solving for N in terms of P and Y. 
N = (984 + IIP) t (- I6579p2 + 66936? + 5047064 - 668y)^ ^^  , (28) 
The isoclines were computed from isocline equation 29 by solving for P 
in terms of N and different price ratios a where a is the ratio of p^ 
Ppo Equation 29 was computed from equation 23 as previously discussed, 
0,(84 + IIN - 284 + 334N) 
g g (29) P = 
(11 + 50g) 
Pooled forage yield equation The forage yield equation pooled 
over the five site-years is shown in Table 39» This equation has an 
R^-value of 0,636 which is considerably less than for the individual 
site-year R^-values. The deviations from common regressions mean 
square is not significant as shown in Table 40 thus indicating that the 
2 
applied variables were not responsible for the small pooled R value. 
The moisture differential between the site-years undoubtedly was an 
p 
important factor in the small pooled R value as evidenced by the sig­
nificant r-value in Table 35' Thus, it appears that factors other than 
applied variables, soil test values and management factors are important 
when forage yields are considered across wide areas of the state. 
Percent total N 
The influence of the applied variables upon percent total N in the 
plants was variable among the five site-years. In general the coefficient 
Figure Orohardgrass forage production isoquants, isoclines and dashed ridge lines for Polk 





of N and Q and the interaction NQ were consistent (significant and of 
the same sign) while T, G and the interaction NT were common in their 
influence on the percent N in the forage. 
Table 44 contains the analysis of variance for total N for all 
five site-years. The quadratic model accounts for a large portion of 
the treatment sum of squares for each site-year. Table 45 contains 
the regression equations in coded form for each site-year. As was 
previously pointed out, those factors accounting for the variability 
of total N are not constant across sites nor are they constant across 
years within sites. Table A9 contains the pooled equation for all 
2 five site-years. The P. -value of 0.555 is considerably less than 
individual R^-values shown in Table 45. 
Percent total P 
Analysis of variance for percent total P for each individual site-
year is shown in Table 46. Both treatments and harvests were highly 
significant at all locations. As was the case with N, the full quad­
ratic model accounts for highly significant portions of the treatment 
suras of squares. Also, the coefficient of T was highly significant at 
all locations with the exception of Davis 196? where the quadratic 
coefficient was highly significant. 
The individual regression equations for each site year are shown 
in Table 4?. As would be expected, applied P was highly significant 
in accounting for variability of plant P. In general the other factors 
that were the most common in accounting for a portion of the variability 
were similar to those for percent N. 
The regression equation pooled over all five site-years is shown 
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Table 44. Analysis of variance for percent total N content in orchard-
grass for each of 5 site-years in the NHC study, 1966, 1967 
Sources of Degrees of Sum of Mean 
variation freedom squares squares 
Davis 1966 
0.0616 0.0616 Blocks 1 
Treatments (T) 31 10.0275 0.3234 ** 
Regression 9 7.9898 0.8877 ** 
Residual 22 2.0377 0.0926 ** 
Error (a) 31 0.7989 0.0257 
Harvests (H) 2 3.493 1.746 ** 
Regression 1 0.0553 0.0553 
Residual 1 3.4377 3.4377 ** 
TxH 62 5.4689 0.0882 ** 
Error (b) 64 1.6153 0.0252 
Madison I966 
Blocks 1 0.1581 0.1581 -H-
Treatments (T) 31 27.8088 0.897 ** 
Regression 9 21.8662 2.429 ** 
Residual 22 5.9426 0.270 ** 
Error (a) 31 1.3447 0.04338 
Harvests (H) 2 50.977 25.4886 ** 
Regression 1 31.548 31.548 ** 
Residual 1 19.429 19.429 ** 
TxH 62 20.6072 0.3323 ** 
Error (b) 64 2.527 0.0394 
Polk 1966 
Blocks 1 0.050 0.050 
Treatments (T) 31 27.271 0.8797 ** 
Regression 9 20.417 2.268 ** 
Residual 22 6.854 0.311 ** 
Error (a) 31 1.7725 0,0571 
Harvests (H) 2 11.797 5,898 ** 
Regression 1 5.834 5.834 ** 
Residual 1 5.963 5.963 ** 
TxH 62 13.524 0.218 ** 
Error (b) 64 1.2476 0.0194 
Davis 1967 
Blocks 1 0.05118 0.05118 
Treatments (T) 31 40.8908 1.31905** 
Regression 9 37.7751 4.1972 ** 
Residual 22 3.1157 0.1416 ** 
Error (a) 31 1.4086 0.0454 
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Table 44 (Continued) 
Sources of Degrees of Sum of Mean 
variation freedom squares squares 
Harvests (H) 3 7.059 2.353 ** 
Regression 2 7.006 3.503 ** 
Residual 1 0.053 0.053 
TxH 93 7.4518 0.0801 ** 
Error (b) 96 2.007 0.0209 
Madison I967 
Blocks 1 0.0109 0.0109 
Treatments (T) 31 30.911 0.9971 ** 
Regression 9 29.673 3.297 ** 
Residual 22 1.238 0.0562 ** 
Error (a) 31 0.6658 0.0214 
Harvests (H) 2 6.681 3.3408 ** 
Regression 1 2.576 2.576 ** 
Residual 1 4.105 4.105 ** 
TxH 62 8.955 0.1444 ** 
Error (b) 64 0.9977 0.0155 
in Table AlO, The R^-value of 0.689 is somewhat less than the indivi­
dual regression equation R^-values shown in Table 47. 
Percent total K 
Analysis of variance for percent total K for each site-year is 
shown in Table 48, The results for K were more variable than those for 
N and P. The sum of squares for treatments at the Davis 1966 were not 
significant; however the full quadratic model significantly accounted 
for a large portion of the variability as it did at the other four 
site-years. T was also more variable with K than both N and P. The 
linear effect of T accounted for essentially all the harvest sum of 
squares at the Davis I966 site but was not significant at the Madison 
1967 site. This variability is evidenced by the relatively low R^-values 
Table 4$, Coefficients (b) and standard partial regression coefficients (b') for individual regression equations for the 5 site-
years for percent total N in orchardgrass in the NPK study, I966, I967 
Coefficients x 10^  and significance for percent N 
Variates Davis Madison Polk 
1#% 19# 191W 1#7 19% 
b b' b b' ' b y b W b b' 
bo 16849. 3%W% - 9^ 7 11114. 20544. 
N . 1585.2** -545.0 1434.9** 1#.7 -5846,0** -2301.8 - 628.9+ -354.8 - -9&4 
N2 . 499,8** 34,6 - 310.2** -11.5 - 287.3+ - 16.5 - #L&* . 11.1 - 515.4** -35^ 
P 54.7+ 2.9 131,4+ 6.2 261.1* 11.6 #&?* 13.1 - 188.8+ - 10.1 
P2 143.4+ 8.6 - 76,0+ - 4.5 211.8+ 10.3 79.5+ 4.9 12.5++ 0.7 
K - 11.5+ - &2 - 172.5+ - 8^  80,5+ 3.6 - 84,3+ - 4.1 - 9%% - 5.2 
K2 171.9+ ]&3 386,2** 23.3 57.7+ 2.8 28,8+ 1.7 475,8** 28,4 
MP 5.54 0.0 6,4++ 0.1 2.9++ 0,0 30.0+ 0.5 3.8++ 0.0 
m 23.I++ 0.3 - 47.1+ - 0.6 - 10.9++ - 0.1 - 56.2* - 0.8 . 80,9* - 1,2 
PK - 18.3++ . 0.2 13.0++ 0.1 59.5+ 0.7 - 20.5++ - 0.3 - 19.8++ - 0.3 
Q 593.6+ 128,0 1833.5** 228,5., 2465,8** 529.7 2236,5** 404.4 1532.4** 3y).6 
J 294.0+ 41,0 —k/ - 670.6+ - 9^ 4 ... ... %%% 38.0 
Z 165.3+ 2^ 0 -WW ... 12.6+ 1.8 ... ... 7i4+ - 1.0 
T 3.4# 0.0 169.9** 3.6 -2901.4 - 121.7 531.3** 41.4 - %^ p* - 23.4 
NT - 112,4** 1.2 . 105.0** - 0.9 . 655,1** - 13.7 4.8++ 0.1 - 279,2** - 3.0 
N2T %.?* 1.2 41.9** 0.1 55.1+ 0.1 147,7** 1.7 5^ 4+ 0.7 
PT 21.0+ 0,2 - 14.0+ - 0.0 - 86,0** - 0.8 - 49.1+ - 0.7 7i8++ 0.0 
P2T " 28.6+ 0.3 26,5+ 0.2 0.1++ 0.0 - 31.8++ - 0.6 3«3++ - 0.0 
KT - 40.5* 0.4 2,7++ 0.0 " 46,2+ . 0.4 - 31.1+ - 0.4 - 36,6+ - 0.3 
K^ T . 40.8* 0.4 
-
- k2 12.7++ 0.4 0,4++ 0.0 5tO++ . 0.0 
G 247,0** 2,8 - 25.9** - 0.1 #k&* 12,4 546.3** 12,5 A%p* 2.1 
NG 61,8** 0.4 17.3** 0.0 193,1** 1.7 69.5** 0.8 59.4** 0,2 
sy 0J% 0.274 0.177 0,25% 
R2 0.763 0,843 Oj# 0.(87 0.801 
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Table 46. Analysis of variance for percent total P content in orchard-

































































































































Table 46 (Continued) 
Sources of Degrees of Sum of Mean 
variation freedom squares squares 
Davis 1967 
Blocks 1 Go00113 0.00113 
Treatments (T) 31 0.5547 0.0178 ** 
Regression 9 0.5063 0.0562 ** 
Residual 22 0.0484 0.0022 ** 
Error (a) 31 0.0213 0,000688 
Harvests (H) 3 O.II89 0,0396 ** 
Regression 2 0.04137 0.0206 ** 
Residual 1 0,07753 0.07753 ** 
TxH 93 0.2329 0.00250 ** 
Error (b) 96 0.0279 0.00029 
Madison 19^7 
Blocks 1 0,0332 0,0332 ** 
Treatments (T) 31 0.8218 0,02651 ** 
Regression 9 0,7451 0,08279 ** 
Residual 22 0.0767 0,00348 * 
Error (a) 31 0.05128 0,001654 
Harvests (H) 2 0.2446 0,1223 ** 
Regression 1 0.0300 0.0300 ** 
Residual 1 0.2146 0,2146 ** 
TxH 62 0.2062 0.00332 ** 
Error (b) 64 0.0337 0,000526 
for the individual regression equations as shown in Table 49. The 
linear K and T factors are the only ones which were significantly in­
fluencing the K content in the plant at all five site-years. Linear N 
is significant at the Davis 19^7 site, but the standard partial 
regression equations indicate that linear N has at least ten times as 
much influence on the percent K in the plant as does linear K yet, the 
t-test value for linear N was less than one at all site-years except 
Davis 1967. T was significant at the 0.01 level at all five site-years. 
The regression equation pooled over all five site-years is shown in 
Table 4?. Coefficients (b) and standard partial regression coefficients (b*) 
years for percent total P in orchardgrass in the NPK study, 19^6, 1 
Coefficients x 10^ and signifie 
Variâtes Davis 
1966 1967 1966 
b b' b b' b t 
bo 3055 3101 1911 
N — -194.0 - 505.0** -55.4 -941.0** -371 
N2 18.9+ 1.3 5.7++ 0.2 1.3+ G 
P 131.8** 7.2 190.0** 9.1 266.9** 11 
P2 
- 37.9** - 2.3 - 15.4++ - 0.9 - 41.3* - 2 
K - l4.3+ - 0.8 3.0++ 0.1 - 2.1+ - 0 
K2 24.7+ 1.5 17.1+ 1.0 10.6+ 0 
NP lo9++ - 0.0 4.7++ 0.0 - 2.2++ - 0 
NK 1.4++ - 0.0 - 3.2++ - 0.0 - 8.5+ - 0 
PK 2.4+,. 0.0 9.5* 0.1 - 5.6++ - 0 
Q 43.4+ 9.4 - 63.9 - 8.0, . 27.2+ 5 
J 
- 39.3+ - 5.5 MHtM —y - 49.1+ - 6 
Z - 42.7+ — 6.0 MM mmtmmrn — 2.6+ 
- 3 
T - 81.2** - 2.2 23.8** 0.5 -235.3** - 9 
NT 8.8** - 0.1 
- 19.0** — 0.2 - 60.1** - 1 
N2T 3.6+ 0.0 - 0.5++ - 0.0 5.8+ 0 
PT 6.9** — 0.0 - 3.8+ — 0.0 - 17.2** - 0 
P2T 1.6++ 0.0 0.6++ 0.0 3.7++ 0 
KT 0.4++ 0.0 0.5++ — 0»0 0.7++ 0 
K2T 
- 3.8+ — 0.0 0.7++ 0.0 - 4.4+ - 0 
G 6.4* — 0.0 M 4. &* * - 0.0 31.7** 0 
NG 9.7** 0.0 8.4** 0.0 20.0** 0 
V 0.0219 0.0347 0.038 
r2 0.814 0.702 0.849 
Dn coefficients (b') for individual regression equations for the 5 site-
ie NPK study, I966, I96? 
ts X 10^ and significance for percent P 
Madison Polk 
1966 1967 1966 
b b' b b» b b« 
1911 7467 4629 
-941.0** 
-371.4 - 91.1+ -51.3 - 962.8** -249,7 
1.3+ 0.0 - 14.3++ - 0.5 - 34.1+ - 2,3 
266.9** 11.9 262.8** 12.9 75.1** 4.0 
- 41.3* - 2.0 - 5.3++ — 0.3 28.7+ 1.7 
— 2.1+ — 0.0 - 2.^111 - 0.1 - 24,1+ - 1.3 
10.6+ 0.5 16.4+ 1.0 19.0+ 1.1 
- 2.2++ — 0.0 - 14.9* - 0.2 - 3.8++ — 0.0 
- 8.5+ - 0.1 - 10.2+ — 0.1 — 1.1++ — 0.0 
- 5.6++ - 0.1 - 2.9++ - 0.0 10.1+ 0.1 
27.2+ 5.9 172.7* 31.1 - 168,1* — 36.0 
- 49.1+ — 6.8 mm mm mm «•«MM 5.3++ 0.7 
— 2.6+ 
- 3.6 mmmmmm - 133.2* - 18.5 
-235.3** - 9.9 - 210.0** -16.3 - 21.2* - 0.5 
- 60.1** 
- 1.3 - 49.7** - 1.9 - 53.4** - 0.6 
5o8+ 0.0 18.8** 0.2 14.1* 0.2 
- 17.2** - 0.2 2.0++ 0.0 - 0.4++ — 0.0 
3.7++ 0.0 — 6.0++ — 0.1 2.2++ 0.0 
0.7++ 0.0 0.4++ 0.0 - 3.5++ - 0.0 
- 4.4+ — 0.0 - 8.0+ - 0.1 - 16.2** — 0,2 
31.7** 0.5 - 90.0** — 2.0 - 15,2** — 0.1 
20.0** 0.2 - 0.9++' — 0.0 17.1** 0.0 
0.038 0.0405 0,0466 
0.849 0.796 0,711 
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Table 48, Analysis of variance for percent total K content in orchard-
grass for each of five site-years in the NPK study, 1966, 
1967 
Sources of Degrees of Sum of Mean 
variation freedom squares square 
Davis 1966 
Blocks 1 0.11407 0.11407 
Treatments (T) 31 4.10499 0.13241 
Regression 9 2.1788 0.242 ** 
Residual 22 1.926 0.0875 ++ 
Error (a) 31 1.5603 0.05033 
Harvests (H) 2 2.6992 1.3496 ** 
Regression 1 2,6991 2.6991 ** 
Residual 1 0.0001 0.0001 
TxH 62 5004309 O.O8I34 ** 
Error (b) 64 2.1199 0.03312 
Madison I966 
Blocks 1 0.4033 0.4033 ++ 
Treatments (T) 31 20.198 0.6515 ** 
Regression 9 16.305 1.811 ** 
Residual 22 3.893 0.1769 
Error (a) 31 3.372 0.1087 
Harvests (H) 2 73.3314 36.665 ** 
Regression 1 71.9543 71.9543 ** 
Residual 1 1.3771 1.3771 ** 
TxH 62 13.474 0.2173 ** 
Error (b) 64 3.6604 0.05719 
Polk 1966 
Blocks 1 0.000208 0.000208 
Treatments (T) 31 9.375 0.3024 ** 
Regression 9 4.358 0.4842 ** 
Residual 22 5.017 0.228 ** 
Error (a) 31 1.6868 0.0544 
Harvests (H) 2 21.9107 10.955 ** 
Regression 1 21.8643 21.8643 ** 
Residual 1 0.0464 0.0464 
TXH 62 7.2479 0.1169 ** 
Error (b) 64 2.6645 0.0416 
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Table ^  (Continued) 
Sources of Degrees of Sum of Mean 
variation freedom squares square 
Davis 1967 
Blocks 1 0.4200 0.4200 ** 
Treatments (T) 31 6.2703 0.2022 ** 
Regression 9 4.9332 0.5481 ** 
Residual 22 1.3371 0.0607 
Error (a) 31 1.3027 0.0420 
Harvests (H) 3 47.2663 15.755 ** 
Regression 2 38.181 19.09 ** 
Residual 1 9.0853 9.0853 ** 
TxH 93 6.278 0.067 ** 
Error (b) 96 2.2079 0.0229 
Madison I967 
Blocks 1 0.4981 0.4981 ** 
Treatments (T) 31 9.856 0.3179 ** 
Regression 9 8.210 0.9122 ** 
Residual 22 1.646 0.0748 
Error (a) 31 1.888 0.0609 
Harvests (H) 2 0.4163 0.2081 * 
Regression 1 0.0637 0.0637 
Residual 1 0.3526 0.3526 ** 
TxH 62 4.0313 0.0650 
Error (b) 64 3.717 0.0580 
Table Al4. The R^-value of 0.668 exceeds two of the individual Re­
values shown in Table 49. 
Chloride Study 
That a relationship between chloride and the uptake and nutrient 
composition of plants exists is substantiated in the literature. Infor­
mation on the influence of chloride on the NO^-N content of forage 
grasses is limiting. Relationships between K and have been reported; 
however, in most cases, Kd has been the fertilizer source of the 
Table 49. Coefficients (b) and standard partial regression coefficients (b* 
years for percent total K in orchardgrass in the NFK study, I966, 
Coefficients x 10^ and signifie; 
Variâtes Davis 
1966 1967 1966 
b b' b b' b 
bo 33215. 27943. 
-176.6 
31913. 
N - 1100.5+ -378.0 - 1614.0** 770.4+ 3' 
N2 
- 53.7+ - 3.7 72.3+ 2.6 - 291.3+ - ! 
P 170.7+ 10.2 - 10.6++ — 0.6 25.0+ 
K 663.5** 36.0 745.9** 35.5 594.1** 
K2 
- 140.7+ - 8.4 - 284.2+ - 17.1 - 300.4* - ! 
NP 31.5++ 0.5 3.1++ 0.0 - 59.7+ -
NK 40.1+ 0.6 81.2* 1.1 - 35.2++ -
PK - 35.8 - 0.6 64.0+ 0.8 74.7+ 
Q 290.3+ 62.6 878.3** 109.6 1239.2+ 2i  
J 216.4+ 30.2 ••MM — k/ 87.2+ 
Z 526.1+ 73.4 w» 155.3+ 
T - 390.5** - 10.6 - 1049.3** - 22.5 - 2467.2** -K 
NT - 76.3** - 0.9 5.7++ - 0.0 - 192.8** -
N2T 9.8++ 0.1 3.8++ 0.0 55.0+ 
PT 3o6++ 0.0 12.1++ 0.0 64,8* -
P2T 22.1++ - 0.2 4.0++ 0.0 29.8++ -
KT 64.2** - 0.7 - 19.4+ 0.1 68.7* -
K2T 13.7++ 0.1 16,8++ 0.1 25.O++ 
G 38.5+ 0.4 133.6** 0.6 250.7** 
NG 29.9* 0.2 24.9** 0.0 16,2++ 
V 
0.207 0.270 
R2 0.530 0.728 
coefficients (b*) for individual regression equations for the 5 site-
NPK study, 1966, 196? 
; 10^ and significance for percent K 
Madison Polk 
1966 1967 1966 
b b« b b» b b' 
31913. 424700 40176, 
770.4+ 303.3 2437.7+ 1361.8 1295.1+ 332.8 
- 291.3+ - 16.7 - 479.2»* - 18.8 _ 496.6** - 34.2 
25.0+ 1.2 238.9+ 14.8 21.0+ 1.3 
594.1** 26.6 658.9** 32.1 485.2** 26.2 
- 300.4* - 14.7 — 262.9+ - 16.3 125.2+ 7.4 
- 59.7+ - 0.9 - 59.8+ - 9.3 38.2++ 0.6 
- 35.2++ - 0.5 83.0* 1.3 57.4+ 0.9 
74.7+ 1.2 72.6+ 1.1 57.0+ Oo9 
1239.2+ 265.8 404.2+ 72.8 1256.1* 269.9 
87.2+ 12.2 — — — M M M - 148.8+ - 20.6 
155.3+ 21.6 — —— «•MM 360.2+ 50.3 
- 2467.2** -103.5 - 702.8** - 54.3 - 1102.5** - 29.3 
- 192.8** - 4.0 - 193.4* - 7.4 87.1** - 0.9 
55.0+ 0.7 - I.9++ - 0.0 132.1** 1.7 
- 64.8* — 0.6 1.4++ 0.0 16 0 9++ 0.1 
29.8++ - 0.3 0.3++ 0.0 - 001++ — 0 0 0 
68.7* - 0.7 67.0+ - 1.0 — 008++ — 0.0 
25.O++ 0.3 41.6++ 0.8 77.1** - 0.9 
250.7** 3.9 - Ill06* - 2.5 14.3++ 0.1 
16,2++ 0.1 - 41.7+ 
- 0.5 12,i)++ — 0.0 
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applied K. The I966 data from the NFK studies indicated that in some 
cases the NO^-N content tended to decline at high levels of applied 
KCl. Therefore, in order to ascertain, if possible, which ion from the 
applied KCl was influencing the NO^-N content of the orchardgrass the 
supplemental chloride study was established at Ames in 196?. 
NO^-N and CI content 
Table 50 shows the analysis of variance for the percent NO^-N over 
all sampling periods. As would be expected, the over all effect of N 
significantly influences the NO^-N at the 0,01 level. There are three 
degrees of freedom for N rates, thus three single-degree of freedom 
comparisons are possible. These planned comparisons were N^, Nq and 
the effect of chloride on NO^ after fitting The majority of the sum 
of squares for regression of NO^ on chloride and is accounted for by 
(significant at 0,01 level) but after correcting for N^, chloride is 
significant at the 0,05 level. The quadratic effect of N is also 
significant at the 0,01 level. 
Table 50 also contains the sum of squares for the unplanned com­
parison of the effect of chloride on NO^-N after fitting for the quadratic 
effect of N which could account for a large portion of the N sum of 
squares, but since this comparison is unplanned, it is not possible to 
make probability statements concerning this comparison. Additional 
supporting evidence for the negative chloride-NO^ relationship was the 
linear regression of NO^ on chloride which had a b-value of -0,0318 
significant at the 0,05 level, 
K sources were significant at the 0,05 level, but the planned 
151 
Table 50. Analysis of variance for percent NOo-N in Sterling orchard-
grass, Ames, 1967 
Sources of Degrees of Sum of Mean 
variation freedom squares square 
Blocks 
Nitrogen (N) 
Regression NO3 on CI 
and N1 
Regression NO3 on Nl 
Effect of CI on NO5 
after fitting Nl 
Regression NO3 on CI 
and Nq 
Regression NO3 on Nq 
Effect of CI on NG3 
after fitting Nq 
K sources 
Zero K vs K 
KCl vs KHCO3 
Regression NO3 on d 
and KCl vs KHCO3 
Regression NO3 on CI 





zero K vs K 
Ed vs KHCO3 
Nq X zero K vs K 





K sources x H 



































































Error (b) 48 0.0249 OO000518 
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comparison of KCl vs KHCO^ was significant at the 0,01 level indicating 
that for the conditions of this experiment these K sources were differ­
entially influencing the NO^-N content of the grass. Again, a proba­
bility level cannot be attached to the unplanned comparison of the 
regression of NO^ on chloride after fitting KCl vs KHCO^. 
Evaluation of the main effects can be difficult if a significant 
interaction exists between the main effects. Table 50 shows the NxK 
(nitrogen by potassium source) interaction significant at the 0.25 level, 
but the linear N by KCl vs KHCO^ (N^ x KCL vs KHCO^) component accounts 
for most of the NxK sum of squares and is significant at the 0.01 
level. 
The two factors, harvests (H) and NxH (nitrogen by harvests), would 
be expected to be significant primarily because of the reasons dis­
cussed in the variety section. 
Table 51 shows the analysis of variance for the chloride content. 
N rates and K sources are both significant at the 0.01 level. The 
relationship between applied N and the chloride content appears to be 
cubic, since the residual N effect after fitting the linear and quadratic 
effects is significant at the 0.05 level. That the relationship between 
applied N and chloride content of the plant is not linear can be seen 
from the data in Table 52. It is obvious that the KCl treatment is the 
dominant factor in determining the mean increase in CI percentage in 
the plants, and the values do not decline linearly as the N rate 
increases but plants grown at the 90 kilogram N rate are higher across 
all harvests than any of the other N rates. In general the chloride 
content for the no K applied and KHCO^ treatments tends to decline 
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Table 51• Analysis of variance for percent chloride in Sterling 
orchardgrass, Ames, 196? 
Sources of Degrees of Sum of Mean 
variation freedom squares square 
Blocks 1 0.00355 0.00355 
Nitrogen (N) 3 1.3172 0,43908 ** 
N1 1 1.0344 1,03447 ** 
Nq 1 0.08401 0,08401 + 
Residual 1 0.1988 0.1988 * 
K sources (K) 2 42.1556 21,0778 ** 
Zero K vs K 1 9.6152 9.6152 ** 
KCl vs KHCO3 1 32.2540 32.25W ** 
NxK 6 1.4206 0.23677 * 
N1 X zero K vs K 1 0.1403 0.1403 ++ 
N1 X KCl vs KHC^ 1 0.5611 0.5611 ** 
Nq X zero K vs K 1 0,0297 0.0297 
Nq X KCl vs KHCO-j 1 0,4051 0.4051 ** 
Residual 2 0.2844 0.1422 ++ 
Error (a) 11 0.4475 0.04068 
Harvests (H) 4 0.653 0.1632 
NxH 12 0.5709 0.04758 
KxH 8 0.515 0,0644 + 
NxKxH 24 1.384 0,0576 
Error (b) 48 2.2194 0,0462 
across all sample periods in a linear manner. 
Evidence from this experiment would indicate that competition 
exists between CI and NO^^, since an increase in either anion tends to 
decrease the other. This is in agreement with work reported by Buchner 
(1951) on bush beans and buckwheat, Younts and Musgrave (1958) on corn 
and Harward et (1956) on potatoes. In attempting to ascertain the 
influence of chloride on NCy-N content within the plant, it must be 
kept in mind that competition between chloride and NO^ anions probably 
Table 52. Mean percent NO3-N and chloride in Sterling orchardgrass as influenced by N rate and K 
source, Ames, 19^7 
Percent NOo-Nâ/ Percent chloride 
K sourcesk/ N appliedç/ N applied®/ 
0 90 1«0 360 0 90 180 360 
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Sample one (24)^ 
0.368 None 16 73 219 0.352 0.352 0.335 
KCL 13 64 83 163 1.67 1.77 1.47 1.13 
KHCO3 11 53 127 245 0.418 0.318 0.452 0.414 
Sample two (30) 
0.386 0.268 None 20 29 165 307 0.301 0.335 
KCl 7 22 95 224 1.55 1.91 1.65 1.40 
KHCO3 12 22 162 338 0.468 0.217 0.352 0.385 
Sample three (47) 
0.284 None 9 29 133 331 0.302 0.201 0.217 
KCl 9 16 79 257 1.45 1.74 1.42 1.35 
KHCO3 7 22 154 269 0.301 0.201 0.234 0.251 
Sample four (62) 
0.268 None 7 7 13 274 0.436 0.184 0.268 
KCl 11 7 22 209 1.84 2.16 1.82 1.12 
KHCOo 5 13 29 241 0.418 0.284 0.251 0.217 
^Percent NO^-N x lO^, 
Ë/k sources were none, 300 kg/ha K as KCl and KHCO^. 
s/n in kg/ha, 
É/Days after treatments were applied. 
Table 52 (Continued) 
Percent NO^-N^ Percent chloride 
K sources^ N appliedS/ N applied^ 
0 90 180 360 0 90 180 360 
Sample five (80) 
None 14 11 16 108 0.352 0.184 0.251 0.150 
KCl 11 12 9 83 1.66 1.89 1.50 1,02 
KHCOo 7 11 14 160 0.369 0.268 0.150 0.133 
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exists in at least two places, 1, at the absorption sites in or on the 
plant roots and 2, accumulation within the plant. The NO^-N content 
within the plant is not static but conversion to total N (protein) 
continualljr takes place, with the rate of conversion depending on light, 
water, nutrients, etc. The chloride anion is not readily converted to 
other compounds but accumulates until some type of equilibrium between 
plant and soil is reached. Within the limits of this experiment it is 
difficult to establish where the majority of the competition between 
the two anions is taking place. 
Table 52 shows the NO^-N and CI content for all harvest periods. 
The significant relationships indicated in the analysis of variance 
tables can be seen. In order to show more clearly the NO^-N,chloride 
relationship, Figure 15 depicts the NO^-N and chloride percentage for 
360 kilograms per hectare of N as influenced by KCl and KHCO^, 
Figure 15 shows the minimum depression of NO^-N was approximately 
0,01252 at 47 days after application, and at the point of maximum 
chloride content the reduction was approximately 0,12^, 
N, P and K content 
Table 53 shows the analysis of variance for percent K, P and N 
for each of 5 sampling periods, 
N tends to reduce K content throughout the entire sampling period 
especially the linear effect of N which is significant at all sampling 
dates except number 4, The quadratic N effect had more influence on K 
content during the last two sampling periods. 
Addition of K significantly influenced the K content at all sample 
Figure 15» Relationship between percent chloride and NOo-N in Sterling 
orchardgrass as influenced by K source and time after 
treatment application for the 360 kg/ha N rate, Ames, 196? 
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15 * PLOTS CLIPPED 
0.35 
0.30-
360 kg/ha N + 300 
kg /ha K as KCI 
360 kg/ha N+300 kg/ha 
K as KHCO3 
360 kg/ha N + 300 kg/haK 
as KHCO: 
360 kg/ha N4-300ka/ha K 
as KCI 
1 1 
24 39 47 62 80 
DAYS AFTER TREATMENTS APPLIED 
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Table 53» Analysis of variance for percent K, P and total N in Sterling 
orchardgrass for each of 5 sample periods, Ames, 196? 
Sources of Degrees of 
variation freedom Mean squares 
Percent Percent Percent 
L P total N 
Sample period one 
Blocks 1 0.0003 0.000216 0.0054 
Nitrogen (N) 3 0.01738 0.000166 21.966 ** 
N1 1 0.0385 + 19.472 ** 
Nq 1 0.0156 2.112 ** 
K sources (K) 2 0.01305 0.0003925* 0.00025 
Zero K vs K 1 0.0261 0.000385 ++ 
KCl vs KHCO^ 1 0.0004 44-
NxK J 6 0.0227 0.000103 0.01708 
Error 11 0.0189 0.000092 0.0147 
Sample period two 
Blocks 1 0.0963 0.000005 0.3456 ++ 
Nitrogen (N) 3 0.0416 0.00051 * 4.5272 ** 
N1 1 0.1165 44. 0.00033 12.838 ** 
Nq 1 0.0484 0,8778 ** 
K sources (K) 2 0.1642 * 0.0003917++ 0.0254 
Zero K vs K 1 0.2581 * 0.0000682 
KCl vs KHCOo 1 0.07022 0.000715 * 
NxK ^ 6 0.0607 0.000100 0.0747 
Error 11 0.0347 0.000119 0.07516 
Sample period three 
Blocks 1 0.0001 0.000003 0.0048 
Nitrogen (N) 3 0.262 ** 0.0053 ** 6.017 ** 
N1 1 0.676 ** 0.01425 ** 17.267 ** 
Nq 1 0.0925 0.00176 * 0.7632 ** 
K sources (K) 2 0.2437 * 0.000220 0.0014 
Zero K vs K 1 0.185 * 0.000143 
KCl vs KHCO3 1 0.3025 * 0.000297 
NxK 6 0.0188 0.00007 0.0221 ** 
Error 11 0.03496 0.0001906 0.002818 
Sample period four 
Blocks 1 0.1107 + 0.00192 0.2301 ++ 
Nitrogen (N) 3 0.1092 + 0.01256 ** 4.936 ** 
N1 1 0.0437 0.03622 ** 13.4^^69 ** 
Nq 1 0.2752 * 0.00053 0.6902 ** 
K sources (K) 2 0.5688 ** 0.0010065 0.0085 
Zero K vs K 1 0.7375 ** 0.00005 0.0117 
KCl vs KHCOo 1 0.4000 * 0.00195 ++ 
NxK 6 0.0336 0.00019 0.0133 
Error 11 0.04910 0.0005974 0.04976 
l6o 












Sample period five 
Blocks 1 0.0468 0.000025 0.2128 * 
Nitrogen (N) 3 0,0718 ++ 0.02205 ** 2.9785 ** 
N1 1 0,04408 + 0.05359 ** 8.2687 ** 
Nq 1 0.09626 ++ 0.00693 ** 0,6666 ** 
K sources (K) 2 0,2971 ** 0.000956+ 0.0413 
Zero K vs K 1 0,4204 ** 0.00191 ++ 0.0321 
KCl vs KHCOo 1 0.1743 * 0.0506 + 
NxK ^ 6 0,0721 * 0.0003638 0.0784 44-
Error 11 0,0216 0.0005475 0,02954 
dates except number one. However, as shown in Table 5^, the K per­
centages for all treatments are well above the critical level as dis­
cussed by Teel (I962), Mortensen ^  al, (1964) and MacLeod (I965) for 
orchardgrass, and Walker and Pesek (196?) for bluegrass. The KCl vs 
KHCO^ comparison is significant at the 0,05 level for the last three 
sample dates (Table 53)» This difference can be seen in Table 5^. 
Adams et (I967) reported no changes in N, P or K content of Bermuda-
grass from a K source of chloride or sulfate. Also, Younts and Musgrave 
(1958) observed no K content differences on com from a K source of 
chloride or sulfate. 
The P content was well above the critical level found by Walker 
and Pesek (I967) for bluegrass, but slightly below the 0,30 level 
suggested by Pierre and Robinson (1937)* Response was variable through­
out the duration of the study. In general both N and K source tended 
to influence P content however this varied with sample period as shown 
in Table 54, 
Table 5^. Mean percent K, P and total N in Sterling orchardgrass as influenced by N rate and K 
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sJyL sources were zero K, and JOO kg/ha K as Kd and KHCO3. 
k/n in kg/ha. 
2/Days after treatments applied. 
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Applied N significantly influenced the total N content at all 
sampling periods (Table 53)» The general nonsignificant effect of K 
sources on total N content agrees with results reported on corn by 
Younts and Musgrave (1958) and on Bermudagrass by Adams et al. (1967). 
The results from this experiment seem to indicate that competition 
between chloride and NO^ can influence the NCy-N content of orchardgrass. 
The need for K in the conversion of NO^-N by plants to protein is dis­
cussed by Griffith et ^ 0 (1964). It appears the K content of the 
forage in the present study was sufficient to enable the plants to 
convert NO^-N to protein since the total N contents were in general not 
influenced by K sources. Also, the small percentage difference in K 
content from the two K sources does not appear large enough to cause the 
marked reductions in NO^-N observed. However, before more firm conclu­
sions can be reached concerning the NO^-N and chloride relationship 
another experiment involving rates of K and variable percentages of 
sources should be run. 
Diurnal NO^-N fluctuation 
The effect of light on NO^-N content of plants has been known for 
some time. Wright and Davison (1964) and Vanderlip (I965) have a 
concise summary of previous research. 
Samples were taken from plots containing the 0, 90, 180 and 36O 
kilogram per hectare N treatments at four hour intervals from 5 a.m. 
to 9 p.m., CDT, on June 23, 25 and 26. Light distribution curves were 
similar for these days. The analysis of variance for percent NO^-N is 
shown in Table 55» Days, and the interactions days by N applied, days 
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Table 55» Analysis of variance of percent NO^-N and percent chloride 
in samples of Sterling orchardgrass taken at 4 horn-
intervals on June 23, 25 and 26, Ames, 196? 
Sir 
NCy-N Cl 
Blocks 1 0.001435 0.002457 
Days (D) 2 0,000749 0.02357 
Error (a) 2 0,0007686 0,00964 
Nitrogen (N) 3 0,49305 ** 0.227866** 
Nl 1 0,9366 ** 0.52926 ** 
Nq 1 0,4695 ** 0.14953 ++ 
Nc 1 0.0735 ** 0.00470 
DxN 6 0,0004739 0.001597 
Error (b) 9 0.001058 0.010351 
Time (T) 4 0.00253 ** 0.002896 
Regression 3 0.003247 ** 
Deviation 1 0.000377 
DxT 8 0.0004022 0.01136 * 
NxT 12 0.001716 ** 0.00438 
NIT 4 0.00303 ** 
NLTI 1 0.00475 ** 
NITQ 1 0.00115 ++ 
NLTC 1 0.00544 ** 
Deviation 1 0.00077 0.005931 
Error (c) . 48 0.0003789 0.004111 
N_T 4 0.00181 ** 
NQTI 1 0.00208 * 
NQTQ 1 0.00154 * 
NQT: 1 0.00319 ** 
Deviation 1 0.00044 
NCT 4 0.00029 
DxNxT 24 0.000364 0.005931 
Error (c) 48 0.0003789 0.004111 
by time period and the three factor days by N by time period were all 
insignificant which indicates uncontrolled environmental factors were 
uniform throughout the experimento Applied N and tlnie period were sig­
nificant at the 0,01 level. The N was applied on 22 April, thus within 
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this short time lapse, differential NCy-N contents among N rates of the 
magnitude shown in Table 56 would not be expected, A possible reason 
for this large differential is that an abnormally large amount of rain­
fall was received in June all of which moved into the profile due to 
the level topography of the experimental site. Thus, a portion of the 
applied N may have moved from the root zone. Also, moisture was 
sufficient to produce abundant growth which was clipped on 8 June. Re-
growth was approximately 12 to 14 inches tall when these diurnal samples 
were taken. 
This abnormal NO^-N differential among N rates is undoubtedly 
reflected in that the term is significant at the 0,01 level as shown 
in Table 55* 
The effect of time of day was adequately described by fitting a 
cubic equation to the data averaged over N rates and days, A cubic 
equation also adequately described the solar radiation data averaged 
over days. These curves are shown in Figure l6. The equation used to 
calculate the predicted NCy-N values was, 
T = 0,01604 + 0,09185 X -0,03441x2 + 0,00363X3 
where 
Y is percent NO^-N , 
X equals the time periods coded in 4 hour intervals, with a range 
of 1 to 5, This equation has a predicted maximum of 0,0911 and minimum 
of 0.063 percent NCy-N at 8:40 a.m,, and 6:37 p.mo CDT respectively. 
Table 55 shows the N by time period interaction significant at 
the 0.01 level indicating significant regressions in both factors. 
The magnitude of the mean square as shown in Table 55 plus the 
Table 56. Mean percent NOo-N and chloride in Sterling orchardgrass as influenced by applied N 
and diurnal sampling times, Ames, 19^7 
^ Percent NOq-N^ Percent chloride^/ ke/ha 3 
Unie over Time 
5 a.m. 9 a.m. 1 p.m. 5 p.m. 9 p.m. time 5 a.m. 9 a.m. 1 p.m. 5 p.m. 9 p.m. 
0 83 128 no 80 75 95 436 431 414- 431 515 
90 78 95 85 63 68 78 302 296 308 280 336 
180 250 232 178 158 190 202 268 235 257 291 257 
360 2652 3272 2702 2397 2412 2687 263 268 263 280 235 
Mean over 
all N 766 932 769 675 686 
^Percent NCy-N x 10^ averaged ove:^ 3 days, 
^Percent 01 x 10^ averaged over 3 days. 
Figure l6. Diurnal variation of mean percent NCL-N averaged over ^ N rates in orchardgrass and 
solar radiation on June 23, 25 and 26, Ames, 196? 
5am 9am Ipm 5pm 9pm lam 
T IME OF DAY 
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10-fold increase in NO^-N percentage from the 180 to 36O kilogram N 
rate would indicate that the 36O kilogram N rate was accounting for 
most of the N sum of squares. The orthogonal contrast of the high N 
rate vs the rest accounts for 99*76 percent of the N sum of squares. 
It is recognized that a significance level cannot be placed on this 
contrast since it was suggested by the data. However, in light of the 
obvious influence of the three low N rates upon the mean NO^-N per­
centages, Figure I6 may not depict the true relationship for high N 
levels. 
Therefore, the mean NCy-N percentages for the 36O kilogram N rates 
from Table 56 were used to calculate the curve shown in Figure 17» The 
equation used to calculate the predicted NO^-N values was, 
I = 0.4921 + O.32538X - 0,12064X^  + 0.01266x3 
where 
Y is percent NCy-N 
X equals the time periods coded in 4 hour intervals, with a range 
of 1 to 5* This equation has a predicted maximum of 0.319 and minimum 
of 0.223 percent NCy-N at 8a.m. and 6;40 p.m. respectively. The 
points of inflection are 1:36 p.m. and 1:42 p.m. for Figures 16 and 17 
respective]^. Thus, it is apparent that the relative shape of the 
diurnal NO^-N fluctuation curves are essentially similar regardless 
of the level of the NO^-N content in the plant. The relative magnitude 
of diurnal NO^-N concentration change is constant e.g. for Figure I6 it 
is equal to 0.364 and for Figure 17 0.271 equals 0.354. These diurnal 
relationships for orchardgrass are in general agreement with the diurnal 
relationship reported by Vanderlip (I965) for bromegrass. The general 
Figure 17. Diurnal variation of percent NO^-N in orchardgrass for the 36O kg/ha N rate and solar 
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relationship between NO^-N content and light for Figures l6 and 17 
can be summarized as follows: NO^ uptake exceeds assimilation up to 
the maximirni where they are equal, from here to the inflection point 
the ratio of assimilation to uptake increases, at the inflection the 
ratio of assimilation to uptake decreases until the minimum point is 
reached, where the cycle begins again. The maximum point on the solar 
radiation curve is essentially equal to the inflection point further 
indicating the relationship between light and the ratio of uptake to 
assimilation is not influenced by NO^ level in the plant. 
Table l6 shows that the accumulation of chloride by orchardgrass 
is apparently differentially influenced by applied N. The linear effect 
of N is dominant and negative as can be seen in Table 56. As previously 
discussed in the chloride section, the conversion of NO^ to protein 
in the plant would seem to preclude any NO^ influence on the accumula­
tion of chloride within the plant. If the relationship shown in Table 
56 is truly competition between NO^ and chloride, then it is more 
probable that the competition would exist at the absorption sites in or 
on the plant roots. 
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SUMMARY 
Three different types of experiments involving orchardgrass were 
conducted in I966 and I967 in Iowa, 
The first experiment was conducted in Ringgold County at the 
Shelby-Grundy Experimental Farm, Beaconsfield. This experiment involved 
twenty-three orchardgrass varieties which were subjected to total N 
rates of 0, 27O and 5^ kilograms per hectare. 
The NO^-N content was monitored during the I966 and I967 growing 
seasons. Applied N, time after application (T) and varieties all sig­
nificantly influenced the NCy-N content. The varieties were fairly 
uniform in accumulating NO^-N up to the 270 kilogram N rate, but above 
this more variability was observed, NCy-N values as high as 0,750^ 
for the late maturing varieties were found at the medium rate of N, 
however at the high rate of N the NO^-N content of individual varieties 
varied from 0,3 to approximately 0,82^1, In general, reductions in NCy-N 
at the medium rate of N due to varieties were not sufficient to change 
the level from a toxic to one non-toxic to livestock unless time after 
application was considered. Late maturing varieties normally contained 
more NO^-N at a specified sampling date than either the early or medium 
maturing varieties. 
Under the conditions of this experiment, the late maturing 
varieties produced less total forage but with a higher total N content 
than that of early and medium maturing varieties. The early maturing 
varieties generally produced more total forage than the medium or late 
ones. Variability among varieties within maturity groups and among 
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maturity groups existed. For example it was possible for specific 
varieties from either the late or medium maturing groups to yield 
more than a specific variety from the early maturing group. 
Relationships between NO^-N and total N were developed for the 
varieties according to maturity groups. In general the NCy-N content 
was zero up to a total N content of approximately yfa above which it 
increased linearly with increases in total N. The b-value for the 
linear portion and the intercept were influenced by harvest and by 
varieties. 
The second experiment was conducted on established stands of 
orchardgrass in Davis, Madison and Polk Counties. The experiments were 
continued for two years at the Davis and Madison sites. 
Fertilizer treatments were selected to conform to a 7x7x7 central 
composite design containing 23 rates and combinations of N, P and K. 
Nine of the original treatments (N, P and K in I966 and N alone in I967) 
were reapplied after the first harvest for a total of 32 treatments per 
site. The nutrient levels were in increments of 60, 14 and 35 kilo­
grams per hectare for N, P and K respectively. The application range 
was from 0 to 36O, 0 to 84 and 0 to 210 for N, P and K respectively. 
Periodic grab samples were taken during the growing season so that ' 
the NCy-N content of the forage could be monitored. Linear N, Q, T 
and G and the interaction NT were the independent variables which were 
the most common in that they were almost always significant but not 
always of the same sign at every site in their influence on the NO^-N 
content of the forage. The effect of applied K on the NO^-N content 
was variable. In general at high rates of both N and K, K application 
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tended to reduce the NO^-N content of the forage. Shortly after N 
application, NO^-N values up to 0,55^ were observed for high N rates. 
Quadratic yield equations were computed as a function of applied 
N, P and K, The quadratic effect of N was negative at all site-year 
locations, but this was not always true for P and K. The majority of 
the variation in yield could be accounted for by the N terms. 
Applied P and K were variable in their influence on yield. Under 
present day situations, the application of P and K would not be 
economically feasible. Had these experiments been continued, it 
appears that under continuous application of high levels of N, K re­
quirements for optimum production could not be supplied by the soil at 
the Davis and Polk County sites. 
Predicted maximum yields were within the limits of the applied 
variables with the exception of the Davis site. For the most part, the 
applied P levels were higher than necessary for the conditions of these 
experiments. The N and K levels appeared to be adequate, A two year 
study did not appear to be sufficient in reducing the available soil P 
to the point where consistent responses could be obtained. The applied 
P levels should start with smaller increments so that a better estimate 
of the response curve can be obtained. This would provide for better 
estimates of response in the area that is presently economically 
feasible. The positive response from P observed in this study was 
always outside the economic area. 
The regression coefficients for each year at the Madison site 
were compared by a t-test and were not significant, therefore, a pooled 
regression equation was calculated to predict yield as a function of 
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the applied variables. Individual regression equations 'were used for 
the Davis site. The coefficients of the individual regression equations 
for Davis were found to be significantly different. 
Check yields and predicted yields for applied M up to approximately 
60 kilograms were smaller in I967 than 1966, but above 60 kilograms, 
less N in I967 was required to obtain similar yields in I966. 
A more favorable growing season in I967 may be a possible reason 
why both applied linear N and K accounted for more of the yield varia­
bility in 1967. 
Percent total N was influenced largely by the linear effect of 
applied N and also by T, G and the interactions NT and NG. Percent 
total P was influenced by the linear effect of applied P, N, T and G 
and by the interactions NT and NG. Percent total K was largely influenced 
by applied K, T and the interaction NT. 
Soil test values showed that available K was declining especially 
under treatments receiving high N and low K levels. A comparison of 
standard partial regression-coefficients for linear K for the Davis and 
Madison sites showed no change in the linear effect of applied K on 
the percent K in the plant across years. Under the conditions of this 
experiment, this would imply that the plants were not becoming more 
dependent on applied K as their nutrient source. It would be of interest 
to know how long these soil types can continue to supply the K needed 
under conditions of high N application. 
The third experiment involved the relationship between percent 
NO^-N and percent total N, P and K in the plant as influenced by the 
related anion from two sources of applied K at four rates of applied N. 
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A negative relationship was found to exist between the percent 
chloride and NCy-N in the plant. There was no apparent effect of K 
sources on percent total N, P and K in the plant. When KCl was not 
applied, the percent chloride in the plant declined as the rate of 
applied N increased when either no K or KHCO^ was applied. 
The magnitude of the diurnal variation of NO^-N within the plant 
was relatively constant regardless of the rate of applied N. A cubic 
equation adequately described the diurnal variation of the NO^-N concen­
tration within the plant. The predicted diurnal variation for the 36O 
kilogram N rate ranged from 0,320 to 0,220^ NO^-N, 
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APi=ENDIX 
Table Al, Percent NO^-N in 23 orchardgrass varieties as influenced by rate of N for each of 9 
sampling periods. The associated linear (l) and quadratic (q) mean squares with their 




kg/ha N appliedâk/ 
180 360 
Means 
Simple effects of N 
coeff.k/ cneff.ë/ MS^ 
- - - - - - -  -  - S a m p l e  
Akaroa L 132 
Masshardy L 182 
Rideau L 151 
Latar L 1^5 
Pennlate L 125 
PI 257268 L 142 
Va-58-V-l M 102 
Danish M 7^ 
Pennmead M 122 
PI 231612 M 190 
PI 199245 M 58 
PI 262459 M 196 
Commercial E 90 
Boone E 22 
Potomac E 26 
Sterling E I83 
Chinook E 95 
Avon E 32 
Wisconsin 52 E 93 

















































































































































f/lhe initial N rates were reapplied at half the respective rates after the first harvest, 
^All nitrate-nitrogen percentages, linear and quadratic coefficients XIO^. 
s/aII linear mean squares are significant at 0,01 level, 
^All mean squares XLO^*", 
Table Al (Continued) 
Varieties Maturity-group 
kg/ha N appliedSk/ 
0 180 360 
55 556 664 
139 558 666 
147 609 272 
111 575 601 
Napier E 
PI 202697 E 
PI 237174 E 
Overall N mean 
Akaroa L 52 638 832 
îfeisshardy L 132 563 591 
Rideau L 74 573 710 
Latar L 99 649 655 
Pennlate L 59 393 670 
PI 257268 L 128 538 655 
Va-58-V-.l M 149 720 795 
Danish M 26 584 835 
Pennmead M 54 643 668 
PI 231612 M 1# 486 501 
PI 199245 M 36 472 735 
PI 262459 M 164 575 619 
Commercial E 89 490 736 
Boone E 17 534 761 
Potomac E 13 4o6 752 
Sterling E 20 647 707 
Chinook E 59 541 698 
Avon E 73 561 6O8 
Wisconsin 52 E 77 478 684 
Dayton E 9 532 709 
Napier E 27 462 723 
PI 202697 E 74 567 654 
PI 237174 E 108 589 707 
Overall N mean 73 550 696 
_ Simple effects of N J- ^ 
coeff.^ MS2É/ coeff.^ MS^ 
Means 
425 609 3,709 
454 527 2,777 





rs after initial N application- - -
507 780 6,084 -130 512** 
429 459 2,107 -134 541** 
453 636 4,045 -120 437** 
468 556 3,091 -181 986** 
374 611 3,733 - 19 11 
440 527 2,777 - 97 286* 
555 646 4,173 -165 820** 
482 809 6,545 -102 314* 
455 6l4 3,770 -188 1,060** 
377 357 1,274 -109 356* 
415 699 4,886 - 57 99+ 
453 455 2,070 -122 449** 
439 647 4,186 - 51 80+ 
438 744 5,535 - 96 280* 
391 739 5,461 - 15 7 
458 687 4,719 -189 1,071** 
433 639 4,083 -108 352* 
414 535 2,862 -147 648** 
413 607 3,684 - 65 126+ 
417 700 4,900 -115 399** 
404 696 4,844 - 58 100+ 
432 580 3,364 -135 549** 
468 599 3,588 -121 439** 
Table Al (Continued) 
Varieties Maturity 
group 
kg/ha N applied^^ 
0 180 360 
Means 
Simple effects of N 
coeff.^ MS2â/ coeff.^ MS^ 
-Sample period three (46) days after initial N application-
Akaroa L 13 368 432 271 419 1,755 - 97 282* 
Masshardy L 68 328 3^ 248 278 772 - 80 195* 
Rideau L 50 330 392 258 342 1,169 - 72 158++ 
La tar L 22 352 357 244 335 1,122 -108 352** 
Pennlate L 42 147 355 182 313 979 34 109+ 
PI 257268 L 28 234 382 215 354 1,253 - 19 11 
Va-58-.V-.l M 91 455 480 342 389 1,513 -113 383** 
Danish M 7 246 418 224 411 1,689 - 22 14 
Pennmead M 80 332 423 279 343 1,176 - 53 86f 
PI 231612 M 139 330 361 277 222 492 - 53 85+ 
PI 199245 M 18 236 431 229 413 1,705 - 7 1 
PI 262459 M 37 244 359 213 322 1,037 - 30 28 
Commercial E 53 281 343 226 290 841 - 55 91+ 
Boone E 7 316 434 252 427 1,823 - 63 121+ 
Potomac E 12 283 4^4 247 432 1,866 - 36 40 
Sterling E 9 374 443 276 434 1,866 - 98 292* 
Chinook E 63 233 370 222 307 942 - 11 3 
Avon E 19 286 329 212 310 961 - 74- 16744. 
Wisconsin 52 E 71 153 469 231 398 1,584 78 182* 
Dayton E 5 297 448 250 443 1,962 - 47 66+ 
Napier E 4 275 379 219 375 1,406 - 55 92+ 
PI 202697 E 81 304 379 255 298 888 - 49 73+ 
PI 237174 E M 288 420 371 1,376 - 35 38 
Overall N mean 42 291 400 244 




0 180 360 Means 
Simple effects of N 
/ y. 
Sample period four (60) days after initial N application- -------
Akaroa L 11 450 804 422 793 6,288** - 28 24 
Masshardy L 48 410 525 328 477 2,275** - 82 203+ 
Rideau L 49 395 653 366 604 3,648** - 29 25 
La tar L 9 408 472 297 463 2,144** -111 37444. 
Pennlate L 31 283 627 314 596 3,552** 30 28 
PI 257268 L 27 355 670 351 643 4,134** - 4 000 
Va-58-V-l M 108 548 668 4^.2 560 3,136** -106 341++ 
Danish M 13 509 578 367 565 3,192** -142 607* 
Pennmead M 40 2481 658 393 618 3,819** _ 88 232+ 
PI 231612 M 77 403 314 265 237 562* -138 574* 
PI 199245 M 16 399 623 346 607 3,684** - 53 84 
PI 262459 M 25 259 351 212 326 1,063** - 47 67 
Commercial E 69 418 583 357 514 2,642** - 61 112 
Boone E 9 390 633 344 624 3,894** - 46 63 
Potomac E 9 371 590 324 581 3,375** - 47 68 
Sterling E 20 414 707 380 687 4,720** - 33 34 
Chinook E 121 384 451 319 330 1,089** - 65 128 
Avon E 14 432 543 330 529 2,798** -102 314H-
Wisconsin 52 E 71 458 693 408 622 3,869** - 50 77 
Dayton E 13 494 662 390 649 4,212** -104 326++ 
Napier E 15 338 602 318 587 3,445** - 19 11 
PI 202697 E 62 338 651 351 589 3,469** 12 4 
PI 237174 E 24 iZ2 m 548 3,003** - 32 32 
Overall N mean 38 404 593 345 
Table Al (Continued) 
Varieties Maturity kg/ha N applied^^^ group 0 180 360 Means 
coeff. 
Simple effects of N 
coeff.^ MS: 0 
-Sample period five (74) days after initial N application-
(l4) days after reapplication of N 
Akaroa L 9 588 732 443 723 5,227 -145 630** 
Masshardy L 73 630 429 378 356 1,267 -252 1.915** 
Rideau L 62 687 677 476 615 3,782 -211 1,344** 
Latar L 17 695 671 461 654 4,277 -234 1,642** 
Pennlate L 9 362 386 253 377 1,421 -109 360** 
PI 257268 L 11 558 340 303 329 1,082 -255 1,950** 
Va-58-V-l M 52 533 538 375 486 2,362 -158 755** 
Danish M 4 494 410 303 4o6 1,648 -191 1,098** 
Pennmead M 71 478 494 348 423 1,789 -130 509** 
PI 231612 M 27 432 239 233 212 449 -199 1,192** 
PI 199245 M 10 393 377 260 367 1,347 -133 530** 
PI 262459 M 38 557 485 360 W? 1,998 -197 1,164** 
Commercial E 41 347 352 247 311 967 -100 302* 
Boone E 1 488 564 351 563 3,169 -137 563** 
Potomac E 5 520 391 305 386 1,490 -214 1,382** 
Sterling E 7 482 386 292 379 1,436 -190 1,086** 
Chinook E 10 384 403 266 393 1,544 -118 420** 
Avon E 7 340 388 245 381 1,452 - 95 270* 
Wisconsin 52 E 22 529 409 320 387 1,497 -209 1,310** 
Dayton E 17 363 423 268 4o6 1,648 - 95 272* 
Napier E 1 384 390 259 389 1.513 -125 473** 
PI 202697 E 60 360 382 267 322 1.037 - 92 257* 
PI 237174 E 40 2^  666 486 626 3,919 -265 2,112* 
Overall N mean 26 4-94 458 325 
Table Al (Continued) 
Varieties Maturity 
group 
kg/ha N applied' 
0 180 360 
Simple effects of N 
Means 
coeff.^ MSSÉ/ coeff.^ MSÉ/ 
-Sample period six (86) days after initial N application-
(26) days after reapplication of N 
Akaroa L 2 541 582 375 580 3,364 -166 826** 
Masshardy L 42 482 546 357 504 2,540 -125 471** 
Rideau L 25 492 582 367 557 3,102 -125 4.73** 
Latar L 2 515 591 369 589 3,469 -145 636** 
Pennlate L 4 351 423 260 419 1,755 - 91 252** 
PI 257268 L 5 496 491 331 486 2,362 -165 820** 
Va-58-V-l M 10 535 586 377 576 3.318 -158 748** 
Danish M 8 409 577 332 569 3,237 - 77 180* 
Pennraead M 11 4# 590 349 579 3,352 - 95 274** 
PI 231612 M 4 319 380 235 376 1,414 _ 84 215** 
PI 199245 M 4 314 508 276 504 2,540 - 38 44t 
PI 262459 M 28 446 450 308 422 1,781 -138 571** 
Commercial E 6 312 430 250 424 1,798 - 62 117* 
Boone E 0 393 502 298 502 2,520 - 94 268** 
Potomac E 0 370 521 297 521 2,714 - 73 159* 
Sterling E 9 471 498 326 489 2,391 -145 630** 
Chinook E 2 415 476 298 474 2,247 -117 413** 
Avon E 3 339 432 258 429 1,840 - 81 196** 
Wisconsin 52 E 2 498 510 337 508 2,580 -161 780** 
Dayton E 2 363 464 276 462 2,134 _ 86 225** 
Napier E 1 332 492 275 491 2,411 - 57 97++ 
PI 202697 E 3 277 454 245 451 2,034 - 32 31 
PI 237174 E 4 i06 614 221 610 3,721 -131 517** 
Overall N mean 8 418 509 311 
Table Al (Continued) 
w , ., , ,, , . ,ah/ Simple effects of N 
Varieties Maturity kg/ha N applie^ Means ^1 q 
group 0 180 360 coeff.b^ MS^É/ coeff MSÉ/ 
,  - - - - - -  - S a m p l e  p e r i o d  s e v e n  ( 9 9 )  d a y s  a f t e r  i n i t i a l  N  a p p l i c a t i o n -  -  -  -  -  -
(39) days after reapplication of N 
Akaroa L 11 900 791 567 780 6,084 -332 3,320** 
Masshardy L 52 812 751 538 699 4,886 -273 2,246** 
Rideau L 46 674 709 477 663 4,396 -19? 1,172** 
La tar L 19 612 824 485 805 6,480 -127 483** 
Pennlate L 19 653 627 433 808 3,696 -220 1,452** 
PI 257268 L 18 649 599 422 581 3,375 -227 1,545** 
Va-58-V-l M 11 591 6o4 402 593 3,516 -189 1,071** 
Danish M 36 450 665 384 629 3,956 - 66 132+ 
Pennmead M 19 633 647 433 628 3,944 -200 1,200** 
PI 231612 M 27 535 530 364 503 2,530 -171 877** 
PI 199245 M 16 505 608 376 592 3,504 -128 496** 
PI 262459 M 52 574 631 419 579 3,352 -155 720** 
Commercial E 25 3^ 555 308 530 2,809 - 36 38 
Boone E 59 454 573 362 514 2,642 - 92 253* 
Potomac E 19 592 588 400 569 3,237 -192 1,109** 
Sterling E 29 635 570 412 541 2,927 -223 1,500** 
Chinook E 32 466 561 353 529 2,798 -113 383* 
Avon E 8 513 677 399 669 4,475 -113 387* 
Wisconsin 52 E 11 507 667 395 658 4,303 -112 376* 
Dayton E 12 478 613 368 601 3,612 -110 365* 
Napier E 12 432 713 386 701 4,914 - 46 64 
PI 202697 E 9 373 610 331 601 3,612 - 42 53 
PI 237174 E J!1 m 246 m. 713 5,083 -234 1,647** 
Overall N mean 25 571 646 414 
Table Al (Continued) 
Varieties Maturity-group 
kg/ha N applied^^ 
180 360 Means 
Simple effects of N 
coeff.k/ MSSâ/ coeff.^ MSÉ/ 
-Sample period eight (117) days after initial N application-
( 57 ) days after reapplication of N 
Akaroa L 7 269 342 206 335 1,122 - 63 119** 
Masshardy L 10 283 278 190 268 718 - 92 257** 
Rideau L 6 291 286 194 280 784 - 96 280** 
La tar L 7 292 322 207 315 992 - 85 216** 
Pennlate L 11 171 211 131 200 400 - 40 48** 
PI 257268 L 11 252 226 163 215 462 - 89 210** 
Va-58-V-l M 8 311 301 207 293 864 -104 326** 
Danish M 7 209 241 152 234 547 - 56 96** 
Pennmead M 10 270 319 200 309 955 - 70 148** 
PI 231612 M 8 207 203 139 195 380 - 67 137** 
PI 199245 M 6 212 234 151 228 520 - 61 112** 
PI 262459 M 5 321 281 202 276 762 -118 422** 
Commercial E 8 166 205 127 197 388 - 39 47** 
Boone E 11 175 228 138 217 479 - 37 41* 
Potomac E 9 212 254 158 245 600 - 53 86** 
Sterling E 7 229 218 151 211 445 - 77 180** 
Chinook E 10 186 226 l4l 216 466 - 45 92** 
Avon E 9 205 220 145 211 445 _ 60 109** 
Wisconsin 52 E 10 222 234 155 224 502 - 66 133** 
Dayton E 7 157 173 113 166 275 - 44 59** 
Napier E 8 216 250 158 242 585 - 58 100** 
PI 202697 E 10 162 213 128 203 412 - 33 34* 
PI 237174 E 8 2Z2 244 211 336 1,129 - 68 l4l** 
Overall N mean 8 230 253 l64 
Table Al (Continued) 
Varieties Matiirity group 
kg/ha N applied^=^ 
0 180 360 Means 
Simple effects of N 
coeff.k/ MSÇÉ/ coeff.^ MSÉ/ 
Sample period nine (151) days after initial N application 
( 91 ) days after reapplication of N 
Akaroa L 4 164 376 182 372 1,383 17 9 
Masshardy L 12 230 352 198 340 1,156 - 32 31 
Rideau L 1 208 332 181 331 1,095 . - 27 23 
La tar L 2 136 318 152 316 998 16 7 
Pennlate L 1 140 238 126 237 562 - 13 5 
PI 257268 L 2 129 210 114 208 432 - 15 7 
Va-58-V-l M 8 209 302 173 294 864 - 36 39 
Danish M 6 61 347 138 341 1,163 77 178* 
Pennmead M 11 132 329 157 318 1,011 25 19 
PI 231612 M 1 179 224 135 223 497 _ 44 59+ 
PI 199245 M 1 98 290 130 289 835 31 30 
PI 262459 M 3 88 250 114 247 610 25 20 
Commercial E 1 59 248 103 247 610 43 57+ 
Boone E 24 140 229 131 205 420 
- 9 2 
Potomac E 5 81 297 128 292 853 46 65+ 
Sterling E 11 229 300 180 289 835 - 49 72+ 
Chinook E 3 163 207 124 204 4l6 - 38 45+ 
Avon E 4 56 228 96 224 502 40 48+ 
Wisconsin 52 E 2 125 274 134 272 740 8 2 
Dayton E 8 39 256 101 248 615 62 II5++ 
Napier E 1 149 322 157 321 1,030 8 2 
PI 202697 E 9 74 2/<8 111 239 571 36 39 
PI 237174 S 
_2 173 210 442 1,954 36 40 
Overall N mean 6 133 288 142 
Table A2. Percent total N in 23 orchardgrass varieties as influenced by rate of N for each of 3 
harvests. Ths associated linear (l) and quadratic (q) mean squares with their respective 
coefficients are shown for the individual N by variety interactions (N x V). Beacons-
field, 1966 
Varieties Maturity group 
kg/ha N applied 
0 180 360 Means coeff. 
Simple effects of N 
MSâ/ coeff ^ MS^ 
(60) days after initial N application- - M M M M 
Akaroa L 2,42 3.95 4.36 3.58 1.94 3.763 -3,733 4,181++ 
Masshardy L 3.21 4.62 5.07 4.30 1.86 3.459 -3,200 3,072+ 
Rideau L 2.74 4.08 4.88 3.90 2.14 4,579 -1,800 972 
La tar L 2.39 3.90 4.85 3.71 2.46 6,051 -1,866 1,045 
Pennlate L 2.13 3.05 4.14 3.11 2.01 4,040 566 96 
PI 257268 L 2,03 3.24 4.12 3.13 2.09 4.368 -1,100 363 
Va-58-V-l M 2,05 3.14 3.44 2.87 1.39 1.932 -2,633 2,080+ 
Danish M 1.91 3.48 3.53 2.97 1.62 2.624 -5,066 7,701* 
Pennmead M 2.01 3.53 4.01 3.18 2.00 4.000 -3,466 3,60544-
PI 231612 M 2,84 3.90 4.42 3.72 1.58 2.496 -1,800 972 
PI 199245 M 1,54 3.05 3.38 2.65 1.84 3.385 -3,933 4,641* 
PI 262459 M 2.61 3.42 4.56 3.53 1.95 3.802 1,100 363 
Commercial E 1,66 2.83 3.45 2.65 1.79 3.204 -1,833 1,008 
Boone E 1.53 2.97 3.23 2.58 1.70 2,890 -3,933 4,641* 
Potomac E 1.70 2.86 3.53 2.70 1.83 3.348 -1,633 800 
Sterling E 1.80 2.78 3.81 2.80 2.01 4.040 166 8 
Chinook E 2.30 3.34 3.68 3.11 1.38 1.904 -2,333 1,633+ 
Avon E 1.60 3.32 3.82 2.91 2.22 4.928 -4,066 4,961* 
Wisconsin 52 E 1.80 3.20 3.68 2.89 1,88 3.534 -3,066 2,821+ 
Dayton E 1.65 3.02 3.44 2.71 1.79 3.204 -3,166 3,008+ 
Napier E 1.77 2.88 3.80 2.82 2.03 4.120 - 633 120 
PI 202697 E 1.80 3.15 3.58 2.84 1.78 3.168 -3,066 2,821+ 
PI 237174 E 3.68 4.66 1.99 3.960 - 100 3 
Overall N mean 2.09 3.36 3.97 3.15 
£/a11 linear mean squares are significant at the 0,01 level, 
k/Quadratic mean squares and coefficients XIO^» 
Table A2 (Continued) 
Varieties Maturity 
group 
kg/ha N applied 
0 180 360 Means ooeff. 
Simple effects of N 
M S â /  o o e f f ^  
-Harvest two (99) days after initial N application-
(39) days after reapplioation of N 
Akaroa L 1.97 3.43 3.41 2.94 1.44 2.073 -4,933 7,301** 
Masshardy L 2.43 3.29 3.56 3.09 1.13 1.276 -1,966 1,160++ 
Rideau L 2.09 3.32 3.78 3.06 1.69 2.856 -2,566 1,976* 
La tar L • 1.71 3.25 3.54 2.84 1.83 3.348 -4,166 5,208** 
Pennlate L 1.74 2.97 3.17 2.63 1.43 2,044 -3,433 3,536** 
PI 257268 L 1.62 3.14 3.45 2.80 1.63 2.656 -3,366 3,400** 
Va-58-V-l M 1.63 2.57 2.88 2.36 1.25 1.562 -2,100 1,323++ 
Danish M 1.76 2.86 3.44 2.68 1.68 2.822 -1,733 901+ 
Pennmead M 1.62 2.85 3.04 2.50 1.42 2.016 -3,466 3,605** 
PI 231612 M 2.33 3.08 3.31 2.91 0.98 0.960 -1,733 901+ 
PI 199245 M 1.61 2.96 3.26 2.61 1.65 2.722 -3,500 3,675** 
PI 262459 M 2.17 3.63 3.58 3.12 1.41 1.988 -5,033 7,600** 
Commercial E 1.84 2.71 3.13 2.56 1.29 1.664 -1,500 675+ 
Boone E 1.88 2.97 3.19 2.68 1.31 1.716 -2,900 2,523** 
Potomac E 1.92 3.00 3.04 2.65 1.12 1.254 -3,466 3,605** 
Sterling E 1.86 3.05 3.11 2.67 1.25 1.562 -3,766 4,256** 
Chinook E 1.99 3.11 3.18 2.76 1.19 1.416 -3,500 3,675** 
Avon E 1.88 2.93 3.08 2.63 1.20 1.440 -3,000 2,700** 
Wisconsin 52 E 1.88 3.11 3.26 2.75 1.38 1.904 -3,600 3,888** 
Dayton E 1.86 3.13 3.47 2.82 1.61 2.592 -3,100 2,883** 
Napier E 1.90 2.88 3.42 2.74 1.52 2.310 -1,466 645+ 
PI 202697 E 1.85 2.75 3.28 2.63 1.43 2.044 -1,233 456+ 
PI 237174 E 2.09 Mi 1.59 2.52B -1,833 1,008++ 
Overall N mean 1.91 3.05 3.32 2.76 
Table A2 (Continued) 
Varieties Maturity 
group 
kg/ha N applied 
0 180 360 Means 
Simple effects of N 
coeff. mW ooeff.^ M5^ 
•Harvest three (151) days after initial N application-
( 91 ) days after reapplication of N 
Akaroa • L 1.98 3.70 3.37 3.02 1.39 1.932 -6,833 14,008** 
Masshardy L 2.18 3.90 3.90 3.33 1.72 2.958 -5,733 • 9,861** 
Rideau L 2.09 3.42 3.28 2.93 • 1.19 1.4l6 -4,900 7,203** 
Latar ' L 1.89 3.18 3.76 2.94 1.87 3.496 -2,366 1,680+ 
Perinlate L 2.02 3.39 3.41 2.94 , 1.39 1.932 -4,500 6,075** 
PI 257268 L 1.80 2/99 3.11 2.64 1.31. 1.716 -3,566 3,816* 
Va-58-V-l M 1.81 2.93 3.10 2.61 1.29 1.664 -3,166 3,008* 
Danish M 1.87 3.02 3.33 2.74 \\ 1.46 2.131 -2,800 2,352++ 
Pennmead M 1.72 3.09 3.36 2.72 1.64 2.689 -3,666 4,033* 
PI 231612 M 1.82 3.05 3.41 2.76 1.59 2.528 -2,900 2,523* 
PI 199245 M 1.96 2.91 3.28 2.72 1.32 1.742 -1,933 1,121+ 
PI 262459 M 1.93 2.96 3.64 2.84 1.71 2.924 -1,166 408 
Commercial E 1.77 2.60 3.22 2.53 1.45 2.102 - 700 147 
Boone E 1.80 2.87 2.90 2.53 1.10 1.210 -3,466 3,605* 
Potomac E 1.86 2.81 3.03 2.57 1.17 1.368 -2,433 1,776++ 
Sterling E 1.72 3.00 3.18 2.63 1.46 2.131 -3,666 4,033* 
Chinook E 1.70 2.95 3.09 2.58 1.39 1.932 -3,700 4,107* 
Avon .E 2.01 2.82 3.30 2.71 1.29 1.664 -1,100 363 
Wisconsin 52 E 1.86 2.95 3.^ 2.76 1.62 2.624 -1,866 1,045+ 
Dayton E 1.86 2.60 2.88 2.44 1.02 1.040 -1,533 705 
Napier E 1.77 2.87 3.42 2.69 1.65 2.722 -1,833 1,008+ 
PI 202697 E 1.80 2.57 3.15 2.51 1.35 1.822 - 633 120 
PI 237174 E 3.24 &21 1.63 2.656 -3,300 3,267* 
Overall N mean 1.87 3.03 3.31 2.74 
Table A3 o Dry matter yield in kg/ha of 23 orchardgrass varieties as influenced by rate of N for 
each of 3 harvests. The associated linear (l) and quadratic (q) mean squares with their 




kg/ha N applied 
0 180 360 
Simple effects of N 
Means 1 q 
coeff. MS coeffo MS 
Harvest one (60) days after initial N application- --------
Akaroa L 2,068 4,632 3,381 3,360 1,313 1,723,969* -1,271 4,851,408** 
Masshardy L 1,524 2,159 1,686 1,789 162 26,244 - 369 409,221+ 
Rideau L 2,301 3,310 2,261 2,624 40 1,600 - 686 1,411,788* 
La tar L 2,008 3,764 2,897 2,890 889 790,321++ - 876 2,293,376** 
Pennlate L 1,978 3,259 1,988 2,408 10 100 - 850 2,170,901** 
PI 257268 L 2,038 3,522 2,342 2,634 304 92,416 - 888 2,365,632** 
Va-58-V-l M 3,310 4,107 4,017 3,811 707 499,849+ - 295 262,256 
Danish M 2,129 3,168 3,300 2,865 1,171 1,371,241* - 302 274,216 
Pennmead M 2,059 2,432 2,574 2,355 515 265,225 - 77 17,787 
PI 231612 M 636 646 192 491 - 444 197,136 - 154 71,765 
PI 199245 M 2,553 3,976 3,543 3,35? 990 980,100++ - 618 1,148,245* 
PI 262459 M 2,068 3,250 1,544 2,287 524 274,576 - 963 2,780,181** 
Commercial E 3,693 4,652 4,481 4,275 788 620,944+ - 376 425,633+ 
Boone E 2,674 4,682 4,350 3,901 1,676 2,808,976** - 780 1,825,200* 
Potomac E 2,170 4,460 3,926 3,525 1,756 3,083,536** - 954 2,734,165** 
Sterling E 3,189 5,116 3,432 3,912 243 59,049 -1,203 4,346,440** 
Chinook E 3,007 3,915 3,411 3,445 404 163,216 - 470 664,581+ 
Avon E 3,098 3,875 2,664 3,212 - 434 188,356 - 662 1,317.381* 
Wisconsin 52 E 4,026 5,116 3,744 4,296 - 282 79,524 - 820 2,020,481** 
Dayton E 2,523 4,390 4,017 3,643 1,494 2,232,036** - 746 1,672,533* 
Napier E 2,402 4,117 4,087 3,535 1,685 2,839,225** - 582 1,015,008++ 
PI 202697 E 2,876 3,714 4,269 3,619 1,393 1,940,449* - 94 26,696 
PI 237174 E 2,210 3,794 2.876 2,960 666 443,556+ _ 834 2,086,668** 
Overall N mean 2,458 3,742 3,085 3,095 
Table A3 (Continued) 
Varieties Maturity-group 
kg/ha N applied 
0 180 360 
Simple effects of N 
Means 1 q 
coeff. ooeff. MS 
Harvest two (99) days after initial W application-
(39) days after reapplication of N 
Akaroa L 532 2,708 2,984 2,074 2,452 6,012,304** - 633 1,203,333* 
Masshardy L 1,246 2,375 2,389 2,003 1,143 1,306,449* - 371 414,408+ 
Rideau L 1,093 2.550 2,271 1,971 1,178 1,387,684* - 578 1,004,565* 
La tar L 498 2,726 2,661 1,962 2,163 4,678,569** - 764 1,752,616** 
Pennlate L 2,024 3,685 3,062 2,924 1,038 l,077,4i|4* - 761 1,738,885** 
PI 257268 L 1,172 3,124 2,887 2,394 1,715 2,941,225** - 729 1,597,240* 
Va-58-V-l M 1,670 3,372 3,408 2,816 1,738 3,020,644** - 555 925,185++ 
Danish M 926 3,062 3,341 2,443 2,415 5,832,225** - 619 1,149,483* 
Pennmead M 1,560 3,010 3,537 2,702 1,977 3,908,529** - 307 283,976 
PI 231612 M 1,552 3.118 1,958 2,209 4o6 164,836* - 908 2,477,025** 
PI 199245 M 847 3,204 3,156 2,402 2,309 5,331,481** - 801 1,928,008** 
PI 262459 M 1,103 2,690 2,913 2,236 1,810 3,276,100** - 454 620,165+ 
Commercial E 1,274 3,274 3,214 2,587 1,940 3,763,600** - 686 1,414,533* 
Boone E 695 3,216 3,136 2,349 2,441 5,958,^1** - 867 2,255,067** 
Potomac E 736 3,202 2,854 2,264 2,118 4,485,924** - 938 2,639,532** 
Sterling E 1,078 3,086 2,686 2,283 1,608 2,585,664** - 802 1,932,821** 
Chinook E 1,068 2,891 2,669 2,209 1,601 2,563,201** - 681 1,394,008* 
Avon E 674 3,244 2,728 2,215 2,054 4,218,916** -1,028 3,174,465** 
Wisconsin 52 E 1,534 3,136 2,992 2,554 1,458 2,125,764** - 582 1,016,172* 
Dayton E 713 3,120 2,864 2,232 2,151 4,626,801** _ 887 2,363,856** 
Napier E 719 3,108 3,261 2,363 2,542 6,461,764** - 745 1,666,565* 
PI 202697 E 1,298 3,045 3,323 2,555 2,025 4,100,625** _ 489 719,320++ 
PI 237174 E 822 2,896 2,344 2.020 1,522 2,316,484** - 875 2,298,625** 
Overall N mean 1,079 3,036 2,897 2,338 
Table A3 (Continued) 
Varieties Maturity-
group 
kg/ha N applied 
0 180 360 
Simple effects of N 
Means 1 q 
coeff. MS coeff, MS 
Harvest three (151) days after initial N application-
( 91 ) days after reapplication of N 
Akaroa L 907 556 1,886 1,116 979 958,441** 560 941,920** 
Masshardy L 833 772 1,228 944 395 156,025+ 172 89,096 
Rideau L 682 1,110 1,348 1,046 666 443,556* — 63 12,033 
La tar L 700 984 954 879 254 64,516 — 104 32,865 
Pennlate L 699 874 1,777 1,116 1,078 1,162,084** 242 176,661+ 
PI 257268 L 674 1,273 1,569 1,172 895 801,025** - 101 30,603 
Va-j^-V-l M 892 1,360 1,636 1,295 744 553,536* — 64 12,288 
Danish M 717 1,183 1,694 1,198 977 954,529** 15 675 
Pennmead M 1,185 1,202 1,498 1,295 313 97,969 93 25,947 
PI 231612 M 944 2,194 2,196 1,777 1,252 1,567,504** « 4l6 519,168* 
PI 199245 M 698 1,774 2,000 1,491 1,302 1,695,204** - 283 240,833+ 
PI 262459 M 1,085 1,434 1,451 1,323 366 133,956+ — 110 36,741 
Commercial E 756 1,647 1,794 1,399 1,038 1,077,444** - 248 184,512+ 
Boone E 977 1,735 2,309 1,673 1,332 1,774,224** - 61 11,285 
Potomac E 762 1,618 2,114 1,498 1,352 1,827,904** 120 43,200 
Sterling E 959 2,129 2,284 1,791 1,325 1,755,625** — 338 343,408++ 
Chinook E 440 1,412 2,086 1,313 1,646 2,709,316** - 99 29,601 
Avon E 772 1,596 1,502 1,290 730 532,900* — 306 280,908++ 
Wisconsin 52 E 799 l,4l6 1,526 1,247 727 528,529* - 169 85,683 
Dayton E 732 1,651 1,796 1,393 1,064 1,132,096** - 258 199,692+ 
Napier E 764 1,516 1,894 1,391 1,130 1,276,900** - 124 46,625 
PI 202697 E 801 1,720 1,848 1,456 1,047 1,096,209** — 263 208,560+ 
PI 237174 E 1,224 1,170 1,704 1,266 480 230,400++ 196 115,248 
Overall N mean 826 1,405 1,743 1,325 
Table A4. Percent NO^-N in 23 orchardgrass varieties as influenced by rate of ïï for each of 5 
sampling periods» The associated linear (1) and quadratic (q) mean squares with their 
respective coefficients are shown for the individual N by variety interactions (N x V), 
Beaconsfield, 19^7 
Varieties Maturity kg/ha N applied^/ group 0 180 360 
Means 
aimpie effects of N 
coeff.a/ MsW coeff.^ mBJ 
•Sample period one (31) days after initial N application-
Akaroa L 9 276 371 219 262 1,310 - 57 99** 
Masshardy L 13 289 315 206 302 912 - 83 208** 
Rideau L 11 288 359 219 348 1,211 - 68 l4l** 
La tar L 16 354 307 226 291 847 -128 4^4** 
Pennlate L 11 246 263 173 252 635 - 72 158** 
PI 257268 L 18 305 331 218 313 980 - 87 227** 
Va-58-V-l M 14 329 4o6 250 392 1,536 - 79 189** 
Danish M 14 235 406 219 392 ' 1,536 - 16 8+ 
Pennmead M 12 261 368 214 356 1,267 - 47 67** 
PI 231612 M 14 238 311 188 297 882 - 50 76** 
PI 199245 M 13 270 322 202 309 955 _ 68 140** 
PI 262459 M 12 272 294 193 282 795 - 79 189** 
Commercial E 18 279 310 203 292 853 - 76 176** 
Boone E 12 251 325 196 313 980 - 55 91** 
Potomac E 11 233 346 196 335 1,122 - 36 40* 
Sterling E 14 338 338 230 324 1,050 -108 350** 
Chinook E 14 193 270 159 256 655 - 34 35* 
Avon E 12 224 307 181 295 870 - 43 55** 
Wisconsin 52 E 14 213 309 179 295 870 - 34 35* 
Dayton E 12 272 310 198 298 888 - 74 164** 
Napier E 9 283 394 229 385 1,482 - 54 88** 
PI 202697 E 13 279 309 200 296 876 - 78 185** 
PI 237174 E Ja m m 242 342 1,170 -115 399** 
Overall N mean 13 290 332 206 
it/ Percent NO^-N, linear and quadratic coefficients X103. 
È/aII linear mean squares significant at 0,01 level, 
2/All mean squares XIO^. 
Table A4 (Continued) 
Varieties Maturity kg/ha N applied^ group 0 180 360 
Simple effects of N 
Means 
coeff.^ MsW coeff.i/ MS^/ 
-Sample period two (52) days after initial N application-
Akaroa L 8 178 385 191 297 1,421 12 4 
Masshardy L 11 214 356 194 345 1,190 - 20 12 
Rideau L 5 229 395 210 390 1,521 - 19 11 
La tar L 17 126 327 157 310 961 30 28 
Pennlate L 34 354 520 303 486 2,362 - 51 79++ 
PI 257268 L 24 435 472 311 438 2,007 -124 466** 
Va-58-V-l M 17 407 607 344 590 3,481 - 63 120* 
Danish M 30 319 624 324 594 3,528 5 1 
Pennmead M 25 349 635 336 610 3,721 - 12 5 
PI 231612 M 46 199 368 204 322 1,037 5 1 
PI 199245 M 32 323 497 284 465 2,162 - 39 45+ 
PI 262459 M 8 268 272 183 264 697 - 85 218** 
Commercial E 10 223 456 230 446 1,989 6 1 
Boone E 20 146 561 242 541 2,927 96 278** 
Potomac E 12 100 520 211 508 2,580 110 367** 
Sterling E 19 232 488 247 469 2,199 14 6 
Chinook E 27 251 406 228 379 1,436 - 23 16 
Avon E 16 227 431 225 415 1,722 - 2 0 
Wisconsin 52 E 32 238 453 241 421 1,772 3 0 
Dayton E 15 199 566 260 551 3,036 61 111* 
Napier E 25 205 607 279 582 3,387 74 164* 
PI 202697 E 19 262 511 264 492 2,420 2 0 
PI 237174 E 168 m m 331 1,095 9 3 
Overall N mean 20 246 470 245 
Table A4 (Continued) 
Varieties Maturity group 
kg/ha N applied^ 
0 180 360 
Simple effects of N 
Means 
ooeff.^ MsW coeff.i/ MSS/ 
-Sample period three (7?) days after 
(13) days after 
initial N application-
reapplication of N 
Akaroa L 9 404 464 293 455 2,070 -111 374** 
Masshardy L 11 309 477 266 466 2,171 - 43 56 
Rideau L 11 429 526 322 515 2,652 -107 343* 
Latar L 13 355 496 288 483 2,332 - 67 134+ 
Pennlate L 13 368 #4 275 431 1,857 - 93 259* 
PI 257268 L 13 388 511 304 498 2,480 _ 84 212* 
Va-58-V-l M 9 367 539 305 530 2,809 - 62 115+ 
Danish M 13 249 570 277 557 3,102 28 24 
Pennmead M 9 171 488 223 479 2,294 51 80+ 
PI 231612 M 9 214 4l4 213 405 1,640 - 1 0 
PI 199245 M 11 372 564 316 553 3,058 - 56 95+ 
PI 262459 M 11 368 469 283 458 2,097 - 85 218* 
Commercial E 9 275 361 215 352 1,239 _ 60 108+ 
Boone E 15 330 4l6 254 401 1,608 - 76 I75++ 
Potomac E 9 220 im 226 439 1,927 5 1 
Sterling E 11 376 480 289 469 2,199 - 87 227* 
Chinook E 11 357 433 267 422 1,780 - 90 243* 
Avon E 9 330 494 278 485 2,352 - 52 82+ 
Wisconsin 52 E 9 354 551 305 542 2,937 - 49 73+ 
Dayton E 13 309 452 258 433 1,927 - 51 78+ 
Napier E 11 326 494 277 483 2,332 - 49 72+ 
PI 202697 E 11 294 46l 256 450 2,025 - 38 45 
PI 237174 E m i22 214 575 3,306 - 18 10 
Overall N mean 11 326 485 274 
Table A4 (Continued) 
Varieties ÎÈiturity kg/ha N applied®/ group 0 180 360 Means 
Simple effects of N 
cceff,^ MS^ coeff,- MS^/ 
-Sample period four (90) days after initial N application-
(30) days after reapplication of N 
Akaroa L 9 232 692 311 683 4,665 79 187++ 
Masshardy L 42 193 477 238 435 1,892 44 59 
Rideau L 47 249 546 281 499 2,490 31 30 
La tar L 17 148 560 • 242 543 2,948 93 263* 
Pennlate L 28 397 532 319 504 2,5^ - 78 18 2++ 
PI 257268 L 15 433 439 296 424 1,798 -137 565** 
Va-58-V-l M 21 281 469 257 448 2,007 - 24 17 
Danish M 21 270 539 277 518 2,683 6 1 
Pennmead M 11 125 592 243 581 3,375 117 415* 
PI 231612 M 22 291 467 260 445 1,980 - 31 29 
PI 199245 M 11 257 604 291 593 3,516 33 34 
PI 262459 M 26 209 568 268 542 2,937 58 103+ 
Commercial E 30 270 488 263 458 2,098 - 7 2 
Boone E 26 291 555 291 529 2,798 0 0 
Potomac E 19 260 556 279 537 2,884 - 18 10 
Sterling E 43 401 526 324 483 2,333 - 78 181+f 
Chinook E 61 199 520 260 459 2,107 61 111+ 
Avon E 15 146 425 195 410 1,681 49 73 
Wisconsin 52 E 15 470 501 329 486 2,362 -141 599** 
Dayton E 32 180 549 254 517 2,673 73 163+ 
Napier E 25 207 543 258 518 2,683 51 79 
PI 202697 E 13 332 373 240 360 1,296 - 92 257* 
PI 237174 E 21 252 jOl 608 3,697 48 71 
Overall N mean 25 265 528 272 
Table (Continued) 
Varieties Maturity kg/ha N applied^ group 0 180 360 Means 




-Sample period five (120) days after initial N application-
( 56 ) days after reapplication of N 
Akaroa L 11 30 306 116 295 870 85 220** 
Masshardy L 12 30 226 89 214 458 59 105* 
Rideau L 14 49 325 129 311 967 80 193** 
La tar L 16 34 271 107 255 650 73 160** 
Pennlate L 9 102 278 130 269 723 " 27 23+ 
PI 257268 L 12 82 232 109 220 484 26 21 
Va-58-V-l M 13 11 215 80 202 408 68 l4l** 
Danish M 11 36 269 106 258 665 69 144** 
Pennmead M 14 51 285 117 271 734 65 129** 
PI 231612 M 10 9 146 55 136 185 46 63* 
FI 199245 M 14 49 281 115 267 713 65 129** 
PI 262459 M 8 26 232 89 224 502 62 118** 
Commercial E 16 64 207 96 191 365 31 30+ 
Boone E 6 66 241 105 235 552 38 44++ 
Potomac E 9 38 250 99 241 581 61 111** 
Sterling E 11 51 237 100 226 511 ifS 71* 
Chinook E 14 44 182 80 168 282 36 39+ 
Avon E 11 32 209 84 198 392 52 81* 
Wisconsin 52 E 7 23 199 76 192 368 53 85* 
Dayton E 14 28 207 83 193 372 55 90* 
Napier E 8 46 182 79 174 303 32 32+ 
PI 202697 E 15 32 163 70 lUS 219 38 43+ 
PI 237174 E 11 210 m 301 906 99 294** 
Overall N mean 11 41 237 97 1 
Table A5. Percent total N in 23 orchardgrass varieties as influenced by rate of N for each of 4 
harvests. The associated linear (1) and quadratic (q) mean squares with their 




kg/ha N applied 
0 180 360 
Means 
gÇgffi 
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Wisconsin 52 E 
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PI 202697 E 
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^/Linear and quadratic mean squares and quadratic coefficients XIO 
^AU linear mean squares significant at 0.01 level 
Table A5 (Continued) 
Varieties Maturity group 
kg/h 
0 
la N applied 
180 360 Means 
coeff. 
Simple effects 0:^ N 
1 / / q 
MSBb/ coeff.S/ Ms^y 
two (90) days after initial N application-
• (30) days after reapplication of N 
Akaroa L 2.10 • 3.33 3.98 3.14 1.88 35,344 -1,933 1,121++ 
Masshardy L 2.34 3.20 3.75 3.11 1.41 19,881 -1,033 320 
Rideau L 1.96 3.01 3.77 2.92 1.81 32,761 - 966 280 
La tar L 1.98 3.14 3.93 3.01 1.95 38,025 -1,233 456 
Pennlate L 2.09 3.04 3.68 2.94 . . 1.59 25,281 -1,033 320 
PI 257268 • L 2.07 3.05 3.34 2.82 1.27 16,129 -2,300 1,587* 
Va-58-V-l M . 2.00 2.89 3.17 2.69 1.17 13,689 -2,033 1,240++ 
Danish M 2.27 3.11 3.67 3.02 1.40 19,600 - 933 261 
Pennmead M 2.10 2.43 3.44. 2.66 1.34 17,956 2,266 1,541++ 
PI 231612 M 2.09 2.98 3.89 2.99 1.80 32,400 66 1 
PI 199245 M 1.88 3.14 3.70 2.91 1.82 33,124 -2,333 1,633* 
PI 262459 M 2.11 3.18 3.85 3.05 1.74 30,276 -1,333 533+ 
Commercial E 2.20 2.82 3.42 2.82 1.22 14,884 - 66 1 
Boone E 2.16 2.94 3.28 2.79 1.12 12,544 -1,466 645+ 
Potomac E 2.08 2.97 3.71 2.92 1.63 26,569 - 500 75 
Sterling E 2.33 3.09 3.62 3.01 1.29 16,641 - 766 176 
Chinook E 2.24 3.15 3.87 3.09 1.63 26,569 - 633 120 
Avon ' E 1.97 3.05 3.65 2.89 1.68 28,224 -1,600 768+ 
Wisconsin 52 E 2.04 •3.18 " 3.55 2.93 1.51 22,801 -2,566 1,976* 
Dayton E 2.04 2.69 3.52 2.75 1.48 21,904 600 108 
Napier E 2.05 2.86 3.33 2.75 1.28 16,384 -1,133 385 
PI 202697 E 2.00 2.95 3.52 2.83 1.52 23,104 -1,266 481 
PI 237174 E 2.25 à04 4.04 Ml 1.79 32,041 700 147 
Overall N mean 2.11 3.01 3.64 2.92 
Table A5 (Continued) 
Varieties Maturity-
group 
kg/ha N applied 
0 180 360 Means coeff. 
Simple effects of N 
MSâb/ coeff ^ MSf/ 
-Harvest three (120) days after 
( 36 ) days after 
initial N application-
reapplication of N 
Akaroa L 2.80 2.94 3.90 3.21 1.10 12,10^ 2,733 2,241* 
Masshardy L 2.64 3.27 4.04 3.32 1.40 19,600 466 65 
Rideau L 2.68 3.09 4.10 3.29 1.42 20,164 2,000 1,200++ 
La tar L 2.81 2.92 4.11 3.28 1.30 16,900 3,600 3,888** 
Pennlate L 2.51 3.58 3.90 3.33 1.39 19,321 -2,500 1,875* 
PI 257268 L 2.58 3.29 3.99 3.29 1.41 19,881 - 33 0 
Va-58-V-l M 2.31 2.61 3.40 2.77 1.09 11,881 1,633 800+ 
Danish M 2.59 3.09 3.93 3.20 1.34 17,956 1,133 385 
Pennmead M 2.25 2.77 3.74 2.92 1.49 22,201 1,500 675+ 
PI 231612 M 2.27 3.00 3.70 2.99 1.43 20,449 - 100 3 
PI 199245 M 2.65 3.31 4.01 3.33 1.36 18,496 133 5 
PI 262459 M 2.43 2.90 4.08 3.14 1.65 27,225 2,366 1,680* 
Commercial E 2.44 3.06 3.80 3.10 1.36 18,496 400 48 
Boone E 2.53 2.90 3.59 3.01 1.06 11,236 1,066 341 
Potomac E 2.60 2.83 3.90 3.11 1.30 16,900 2,800 2,352* 
Sterling E 2.43 3.07 3.78 3.09 1.35 18,225 233 16 
Chinook E 2.51 3.31 4.22 3.34 1.71 29,241 366 40 
Avon E 2.55 3.00 4.08 3.21 1.53 23,409 2,100 1,323++ 
Wisconsin 52 E 2.48 2.95 3.90 3.11 1.42 20,164 1,600 768+ 
Dayton E 2.54 2.83 3.70 3.02 1.16 13,456 1,933 1,121+ 
Napier E 2.46 2.72 3.74 2.97 1.28 16,384 2,533 1,925* 
PI 202697 E 2.55 3.05 3.64 3.08 1.09 11,881 300 27 
PI 237174 E 2.61 Ml MB 2^ 1.27 16,129 2,766 2,296* 
Overall N mean 2.53 3.01 3.88 3.14 
Table A5 (Continued) 
Varieties Maturity 
group 
kg/ha N applied 
0 180 360 Means 
Simple effects of N 
coeff. MSâk/ ooeff.^ MS^y 
-Harvest four (20?) days after initial N application-
(143) days after reapplication of N 
Akaroa L 2.18 2.11 3.42 2.57 1.24 15,376 4,600 6,348** 
Masshardy L 1.87 2.37 2.91 2.38 1.04 10,816 133 5 
Rideau L 1.87 2.47 3.26 2.53 1.39 19,321 633 120 
La tar L 1.79 2.14 3.34 2.43 1.55 24,025 2,833 2,408* 
Pennlate L 2.00 2.70 3.18 2.63 1.18 13,924 
- 733 161 
PI 257268 L 1.93 2.41 3.29 2.55 1.36 18,496 1,333 533 
Va-58-V-l M 1.76 1.94 2.88 2.19 1*12 12,544 2,533 1,925++ 
Danish M 1.96 2.17 3.45 2.53 1.49 22,201 3,566 3,816»* 
Pennmead M 1.75 2.16 3.15 2.35 1.40 19,600 1,933 1,121+ 
PI 231612 M 1.79 2.29 3.37 2.49 1.58 24,964 1,933 1,121+ 
PI 199245 M 1.80 2.37 3.18 2.45 1.38 19,044 800 192 
PI 262459 M 1.66 2.06 3.05 2.26 1.39 19,321 1,966 1,160+ 
Commercial E 1.81 2.32 3.43 2.52 1.62 26,224 2,000 1,200+ 
Boone E 1.80 2.30 3.18 2.43 1.38 19,044 1,266 481 
Potomac E 1.97 2.15 3.48 2.54 1.51 22,801 3,833 4,408** 
Sterling E 1.54 2.20 3.27 2.34 1.73 29,929 1,366 560 
Chinook E 1.78 2.33 3.51 2.54 1.73 29,929 2,100 1,323+ 
Avon E 1.94 2,27 3.32 2.51 1.38 19,044 2,400 1,728++ 
Wisconsin 52 E 1.77 2.08 3.25 2.37 1.48 21,904 2,866 2,465* 
Dayton E 1.88 2.04 3.46 2.46 1.58 24,964 4,200 5,292** 
Napier E 1.74 2.03 3.17 2.32 1.43 20,449 2,833 2,408* 
PI 202697 E 1.82 2.39 3.21 2.48 1.39 19,321 833 208 
PI 237174 E 2.03 2.10 1.30 16,900 3,866 4,485** 
Overall N mean 1.84 2.24 3.27 2.45 
Table Aô» Dry matter yield in kg/ha of 23 orchardgrass varieties as influenced by rate of N for 
each of 4 harvests. The associated linear (l) and quadratic (q) mean squares with their 
respective coefficients are shown for the individual N by variety interactions (N x V), 
Beaconsfield, 19^7 
Simple effects of N 
varieties - o "180 *^*^^160 Means 
eoeff. Msâ/ coeff. 
q 
MS 
•Harvest one (52) days after initial N application- - - • M» mm ## IB 
Akaroa L 112 2,710 2,282 1,701 2,170 4,708,900 -1,008 3,052,225** 
Masshardy L 74 2,346 1,884 1,435 1,810 3,276,100 - 911 2,491,585** 
Rideau L 106 2,534 2,650 1,763 2,544 6,471,936 - 770 1,781,781** 
La tar L 100 2,314 2,247 1,554 2,147 4,609,609 - 760 1,734,320** 
Pennlate L 155 1,573 960 896 805 648,025 - 671 1,374,987** 
PI 257268 L 212 1,890 1,425 1,176 1,404 1,471.369 . - 714 1,530,816** 
Va-58-V-l M 208 2,270 1,906 1,461 1,698 2,883,204 1,961,825** 
Danish M 189 1,748 1,581 1,172 1,392 1,937,664 - 993,025** 
Pennmead M 24a 1,664 1,315 1,075 1,067 1,138,489 - Sic 1,038,408** 
PI 231612 M 218 2,531 1,220 1,322 1,002 1,004,004 -1,200 4,377,792** 
PI 199245 M 314 2,093 2,334 1,580 2,020 4,080,400 - 512 788,481** 
PI 262459 M 80 2,575 2,366 1,674 2,286 5,225,796 - 901 2,437,205** 
Commercial E 345 1,834 2,099 1,426 1,754 3,076,516 - 408 499,392* 
Boone E 202 2,144 1,984 1,443 1,782 3,175,524 - 700 1,472,801* 
Potomac E 318 2,276 2,026 1,540 1,708 2,917,264 - 736 1,625,088** 
Sterling E 347 3,156 2,034 1,846 1,687 2,845,969 -1,310 5,150,920** 
Chinook E 151 1,961 2,016 1,376 1,865 3,478,225 - 585 1,026,675** 
Avon E 260 2,096 1,804 1,386 1,544 2,383,936 - 709 1,509,461** 
Wisconsin 52 E 179 2,014 2,116 1,436 1,937 3,751,969 - 577 1,001,096** 
Dayton E 208 2,546 2,203 1,653 1,995 3,980,025 - 895 2,403,075** 
Napier E 156 2,401 2,085 1,547 1,929 3,721,041 - 853 2,186,240** 
PI 202697 E 238 2,259 1,765 1,420 1,527 2,331,729 - 837 2,105,056** 
PI 237174 E 140 2,290 1,?68 1.566 1,828 3,341,584 -1,024 3,145,728** 
Overall N mean 198 2,240 1,924 1,454 
^/aU linear mean squares significant at 0,01 level. 
Table A6 (Continued) 
Varieties Maturity-group 
kg/ha N applied 
0 180 360 Means 
coeff, 
Simple effects of N 
1 q 
MS#/ coeff. MsW 
-Harvest two (90) days after initial N application-
(30) days after reapplication of N 
Akaroa L 186 2,514 2,466 1,722 2,280 5,198,400 - 792 1,881,792 
Masshardy L 319 2,268 2,300 1,629 1,981 3,924,361 - 651 1.271,403 
Rideau L 172 2,599 2,374 1,715 2,202 4,848,804 - 884 2,344,368 
Latar L 233 2,594 1,922 1,583 1,689 2,852,721 -1,011 3,066,363 
Pennlate L 126 3,508 3,587 2,407 3,461 11,978,521 -1,101 3,636,603 
PI 257268 L 190 4,049 3,492 2,577 3,302 10,903,204 -1,472 6,500,352 
Va-58-V-l M 338 3,788 3,481 2,535 3,143 9,878,449 -1,252 4,705,016 
Danish M 256 3,089 3,434 2,260 3,178 10,099,684 - 829 2,063,381 
Pennmead M 284 3,637 4,010 2,643 3,726 13,883,076 - 993 2,960,133 
PI 231612 M 204 2,791 2,652 1,882 2,448 5,992,704 - 908 2,477,025 
PI 199245 M 258 3,321 3,428 2,336 3,170 10,048,900 - 985 2,912,645 
PI 262459 M 222 2,509 2,522 1,751 2,300 5,290,000 - 758 1,723,692 
Commercial E 364 3,370 2,996 2,243 2,632 6,927,424 -1,126 3,808,133 
Boone E 387 3,863 3,630 2,626 3,243 10,517,049 -1,236 4,585,560 
Potomac E 308 3,722 3.330 2,453 3,022 9,132,484 -1,268 4,828,545 
sterling E 340 3,529 3,736 2,535 3,396 11,532,816 - 994 2,964,108 
Chinook E 162 2,988 3,332 2,161 3,170 10,048,900 - 827 2,053,441 
Avon E 188 2,912 3,318 2,l40 3,130 9,796,900 - 772 1,791,041 
Wisconsin 5% E 268 3,190 3,396 2,2@5 3,128 9,784,384 - 905 2,458,885 
Dayton E 184 3,975 3,606 2,588 3,422 11,710,084 -1,386 5,768,533 
Napier E 236 4,224 3,944 2,801 3,708 13,749,264 -1,422 6,071,941 
PI 202697 E 320 3,623 3,646 2,530 3,326 11,062,276 -1,093 3,586,133 
PI 237174 E 2,722 2,280 1,842 2,355 5,546,025 -1,472 2,321,440 
Overall N mean 251 3,251 3,182 2,228 
^AU quadratic mean squares are significant at 0,01 level. 
Table Aé (Continued) 
Varieties Maturity-group 
kg/ha N applied 
0 180 360 Means 
coeff. 
Simple effects of N 
MS^ coeff. ^ MS^ 
•Harvest three (120) days after initial N application-
( 56 ) days after reapplication of N 
Akaroa L 62 802 1,064 642 1,002 1,004,004 -159 76,161++ 
Masshardy L 88 554 716 453 628 394,384 -101 30,805+ 
Rideau L 37 740 749 508 712 506,944 -231 160,545** 
La tar L 76 784 746 536 670 448,900 -248 185,505** 
Pennlate L 80 909 938 642 858 736,164 -266 213,333** 
PI 257268 L 66 818 855 579 789 622,521 -238 170,408** 
Va-58-V-l M 156 1,047 1,107 770 951 904,401 -276 230,187** 
Danish M 90 952 1,112 718 1,022 1,044,484 -233 164,268** 
Pennmead M 122 1,226 1,067 804 945 893,025 -420 531,723** 
PI 231612 M 58 800 865 574 807 651,249 -225 152,776* 
PI 199245 M, 63 905 968 645 905 819,025 -259 202,280** 
PI 262459 M 48 707 506 420 458 209,764 -286 246,533** 
Commercial E 116 960 922 666 8O6 649,636 -293 259,308** 
Boone E 144 1,510 1,273 976 1,129 1,274,641 -533 856,536** 
Potomac E 105 1,087 1,112 768 1,007 1,014,049 -318 305,283** 
Sterling E 146 1,548 1,151 948 1,005 1,010,025 
-599 1,078,800** 
Chinook E 24 952 820 598 796 633,616 -353 374,533** 
Avon E 56 9(18 898 634 842 708,964 -313 295,788** 
Wisconsin 52 E 54 966 1,014 678 960 921,600 -287 248,832** 
Dayton E 52 990 1,150 731 1,098 1,205,604 -259 201,761** 
Napier E 96 1,168 1,216 827 1,120 1,254,400 -341 349,525** 
PI 202697 E 92 1,114 1,156 787 1,064 1,132,096 -326 320,133** 
PI 237174 E m. 726 926 m. 816 665,856 -158 75,525++ 
Overall N mean 84 967 971 674 
Table A6 (Continued) 
Varieties Maturity 
group 
kg/ha N applied 
0 180 360 Means 
coeff, 
Simple effects of N 
coeff. ^ MS^ 
-Harvest four (20?) days after initial ÏÏ application. 
(1^3) days after reapplication of N 
Akaroa L 240 794 1,144 726 904 817,216** - 68 13,872 
Masshardy L 83 424 712 406 629 395,641** - 17 936 
Rideau L 158 558 791 502 633 400,689** - 55 9,296 
La tar L 136 646 675 485 539 290,521** -160 77,120* 
Pennlate L 230 810 1,065 702 835 697,225** -108 35,208+ 
PI 257268 L 128 770 783 560 655 429,025** -209 131,880** 
Va-58-V-l M 203 846 1,150 733 947 896,809** -113 38,307+ 
Danish M 145 768 1,343 754 1,203 1,447,209** - 14 616 
Pennmead M 234 899 1,342 825 1,108 1,227,664** - 74 16,428 
PI 231612 M 138 626 860 541 722 521,284** - 84 21,505+ 
PI 199245 M 201 780 921 634 720 518,400** -145 63,948* 
PI 262459 M 136 429 754 440 618 381,924** 10 341 
Commercial E 168 671 1,236 691 1,068 1,140,624** 20 1,281 
Boone E 149 873 1,460 827 1,311 1,718,721** - 45 6,256 
Potomac E 127 556 1,323 668 1,196 1,430,416** 112 38,081+ 
Sterling E 192 784 1,463 813 1,271 1,615,441** 29 2,523 
Chinook E 120 536 424 360 304 92,416* -176 92,928* 
Avon E 88 718 881 562 793 628,849** -155 72,696* 
Wisconsin 52 E 146 646 1,158 650 1,012 1,024,144** 4 48 
Dayton E 206 570 1,032 602 826 682,276** 32 3,201 
Napier E 156 860 1,292 770 1,136 1,290,496** - 90 24,661+ 
PI 202697 E 220 960 1,234 804 1,014 1,028,196** -155 72,385* 
PI 237174 E 114 il2 1,030 916 839,056** 40 4,800 
Overall N mean 161 697 1,047 635 
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Table A?» Coefficients (b) and standard errors (s^) for the regression 
for percent NOo-N content of orchardgrass pooled over 5 site-
years, NPK study, 1966, 1967 
Variates bâ/ s-^ ^ % 
bo 148785 NpH -14201** 3461 
N 192914** 30104 Np 133** 25 
N2 78344. 866 Nk 74** 13 
Q 21996+ 12493 PpH 6396* 2968 
NQ 16517** 4989 Pk 15+ 11 
Q2 - 14121** 4362 NP 6694. 366 
n - 170+ 106 NK - 2255** 361 
P 
- #523* 22675 PK 863* 353 
P2 
- 7IO++ 933 T -27074** 592 
J 
- 71644. 3280 T2 678** 157 
P 223** 46 T3 70** 16 
Pp - 84** 24 NT - 5279** 236 
504** 127 KT 1212** 197 
K2 236* 93 G 3338** 581 
Z - 1546** 370 G2 43** 8 
k 84** 24 NG 492** 60 
Kp 71** 23 re 724. 49 
PH 14273* 6030 
s =.0756 =.717 
I/aU b and s^ values x 10^, 
In this and following tables involving these variables the 
following symbols apply; 
bp = Percent NOo-N when the applied variables coded at their 
mean values 
Q = N reapplied 
J = P reapplied 
Z = K reapplied 
n = Soil test N 0 to 15 cm, pp2m 
p = Soil test P 0 to 15 cm, pp2m 
k = Soil test K 0 to 15 cm, pp2m 
pH = Soil pH 0 to 15 cm 
T = Time after application of fertilizer coded values in Table 28 
G = Time after clipping coded values in Table 28 
** Denotes significance at the 0.01 level 
* Denotes significance at the 0,05 level 
+ Denotes 0 < t < lo96 
4+ Denotes terms not significant by above criteria 
213 
Table A8, Coefficients (b) and standard errors (s^^) for the regression 
equation for forage yield of orchardgrass pooled over 5 site-
years, NPK study, 1966, 1967 
Variates b s b s, b ates b 
b. — 696.96 
^0 181.38++ 443.0 - 3.00+4- 44.9 N2 
- 95.14** 14.0 O.O3++ 0.1 
Q 280.15** 32.7 Kn 0.05+4- 0.7 
NQ -170.21** 48.0 Kp - 170.21** 48.0 
n 1.6544- 2.0 






P 105.68++ 340.1 FK 1.24+4- 5.5 
P2 
- 14.67++ 17.2 
P - 0.3344. 0.7 T - 280.92** 8.5 
Pp - 0.144+ 0.3 NT - 13.75** 3.5 
N2T 16.37** 2.2 
K 118.49+ 85.7 PT 0.55+4. 3.2 
K2 18.38+ 17.4 P2T 1.74(4. 3.2 
k - 0.81* 0.4 KT 1.8544. 3.2 
Z - O.O7++ 0.1 K2T - 4.20+ 3.2 
P% 538.22** 97.7 
pH2 - 12.99+ 11.4 G 21.19** 2,1 
NG - 1.28+ 1.1 
NpHi - 59.994- 54.9 PG - 1.534. 1.0 
Np 1.22** 0.4 KG - 1.49+ 1.0 
Nk - 0.23+ 0.2 
s = 741.9 ^ 0.675 
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Table A9. Coefficients (b) and standard errors (s^) for the regression 
equation for percent total N in orchardgrass pooled over 5 
site-years NFK study, I966, 196? 
Variates bâ/ s,^ Vari­ b s. b âtes b 
^0 301261 Nk _ 21* 10 
N_ 72586** 21758 PpHi - 329++ 2207 
_ 3710** 688 Pk 1+4. 8 
Q 11498** 1610 
NQ 40034. 2357 Kn 13++ 38 
n 33++ 98 Kp - 16++ 18 
Nn 76+ 44 
NP - 51++ 285 
P 1754++ 16702 NK - II5++ 280 
P2 
_ .469++ 848 PK I57++ 271 
P ;4+ 38 T _5456** 420 
Pp " J.8++ 18 NT -1826** 173 
N2T 274* 109 
K - 5003+ 4209 PT - 330* 161 
K2 1670+ 857 P2T 166+ 157 
k 7++ 19 KT 
- 399* 161 
Kk 2+4" 5 K2T 71++ 157 
pHi - 2958++ 4802 G 914** 106 
pHg _ 2338** 564 NG 326** 57 
PG 43++ 50 
NpHi _ 8004** 2699 KG 80+ 49 
Np 17++ 20 
s = 0.364 y = 0.555 
&/Values X 105, 
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Table AlO, Coefficients (b) and standard errors (s^) for the regression 
equation for percent total P in orchardgrass pooled over 5 






bo 46765 Nk 0.5++ 1 
N 
- 1555 ++ 3379 Pp% -1357 ** 342 
N2 141 + 106 Pk 2 + 1 
Q _ 1419 ** 250 
NQ 1543 ** 366 Kn 2 ++ 6 
n 20 + 15 Kp - 4 + 2 
Nn 8 + 6 
NP 
- 51 + 44 
P 11732 ** 2594 NK - 50 + 43 
P2 - 228 + 131 FK 36 44- 42 
P 179 ** 5 T - 413 ** 65 
Pp 10 ** 2 NT - 278 ** 26 y 
N2T 
- 17 + 17 
K 
- 57 ++ 653 PT - 74 ** 25 
K2 
- 76 ++ 133 P^T 72 ** 24 
k _ 14 ** 3 KT - 31 + 25 
Kk 0.6++ 0.7 K^T - 12 ++ 24 
pHi - 2635 ** 745 T - 47 ** 16 
pHg 85 ++ 87 NG 101 ** 8 
PG 
- 5 ++ 7 
NpHi 196 ++ 419 KG - 0,1++ 7 
Np - 13 ** 3 
Sy = 0.0565 I
I 689 
^Values X 10^, 
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Table All. Coefficients (b) and standard errors (pv) for the regression 
equation for percent total K in orchardgrass pooled over 5 
site-years, NFK study, I966, 196? 
Variates bS/ Vari­âtes. b Sb 
b 412846 Nk 18+ 9 
N° 14238 +f 20606 PpHi 1046++ 2090 
N2 
- 1659 * 652 Pk 2H. 8 
Q 8648 ** 1525 
36 NQ - 4235 + 2232 Kn 25++ 
n 13 ++ 93 Kp - 7-H- 17 
Nn 17 ++ 42 
NP 37++ 270 
P - 1669 ++ 1581 NK 53++ 265 
p2 181 ++ 803 PK 292+ 257 
P 242 ** 36 T -9689** 397 
Pp 30 + 17 NT - 664** l64 
N2T 318** 103 
K 11970 ** 3986 PT - 69++ 152 
- 2310 ** 811 P2T 6^H-f 149 
k 95 ** 18 KT - 394* 153 
Kk 19 ** 4 K^T 72++ 149 
PHI - 13329 ** 4548 G 108+ 100 
1417 ** 534 NG 229** 54 
PG - 68+ 47 
NpH-, 
- 5716 * 2556 KG - 22++ 47 
Np 0. 9-H- 19 
Sy = 0.3^5 = 0.668 
^/values X 10^. 
Table A12. Percent total N, P and K in orchardgrass forage for each of 5 site-year in thé 
NPK study, 1966, 1967 
treatment 
number Davis 1966 
1 2 3  1 
Davis 1967 





1 2 3  
Polk 1966 
1 2 3  
1 198 253 228 226 254 254 312 181 211 283 187 233 239 211 226 
2 242 212 242 246 230 270 269 363 186 218 287 202 244 300 205 241 
3 254 209 254 193 237 243 267 276 189 211 298 202 241 282 204 245 
4 234 222 273 227 242 258 252 294 187 198 304 198 243 283 201 226 
5 281 250 294 295 274 283 281 364 212 221 340 255 271 405 248 247 
6 301 249 276 264 260 288 291 405 210 221 340 250 298 339 248 242 
? 306 245 283 311 291 288 281 382 218 210 340 274 279 255 235 232 
8 295 253 263 301 260 286 283 411 208 241 35^ 277 281 354 241 240 
9 299 234 279 276 267 265 272 394 181 223 333 228 254 252 211 225 
10 225 214 253 169 238 244 259 227 180 182 225 194 230 195 201 208 
11 292 251 295 277 320 303 290 429 257 241 357 295 305 387 261 247 
12 278 239 271 217 245 274 294 344 213 235 334 235 256 308 218 229 
13 306 227 267 251 253 268 272 383 201 220 343 228 260 286 205 226 
14 309 243 251 282 244 269 279 313 213 225 33^ 241 258 359 240 267 
15 284 238 248 267 245 271 266 333 214 203 332 225 266 356 223 267 
16 188 237 236 165 220 258 265 177 221 226 176 229 230 185 224 242 
17 208 217 216 157 228 230 256 192 196 208 189 216 220 193 222 231 
18 190 222 285 156 226 253 263 196 220 213 182 217 244 187 210 242 
19 182 220 235 170 227 235 259 269 199 192 191 220 223 213 205 216 
20 306 251 282 301 335 341 347 424 241 298 351 319 339 390 290 315 
21 307 249 270 281 323 324 346 399 265 258 335 309 309 379 280 269 
22 316 259 289 333 325 350 35^ 457 280 229 398 329 340 405 310 302 
23 329 245 274 307 335 320 342 456 244 289 372 305 309 380 253 266 
24 255 257 290 239 330 292 310 291 241 231 286 283 277 319 251 239 
25 242 255 268 254 299 303 279 240 240 248 289 283 280 283 249 272 
Table A12 (Continued) 
Percent NxlO^ 
Treatment 
number Davis 1966 
1 2 3  1 
Davis 1967 
2 3 4 
Madison I966 
1 2 3  
Madison I967 
1 2 3  
Polk 1966 
1 2 3  
2é 248 264 287 250 293 292 292 292 233 201 273 260 259 243 252 271 
27 255 262 272 219 321 323 291 338 270 204 297 271 288 214 266 254 
28 300 261 308 287 329 342 370 374 274 222 326 308 324 309 306 276 
29 285 269 266 302 341 342 361 382 303 278 307 308 318 344 287 292 
30 29k 271 316 311 360 348 372 348 257 255 310 296 323 339 291 299 
31 282 264 297 303 349 359 360 389 275 296 334 326 335 334 296 307 
32 292 264 310 306 340 337 373 367 288 240 316 316 311 325 274 292 
Percent PxlO^ 
1 280 ,315 247 290 370 378 316 412 320 343 253 356 422 412 505 465 
2 275 287 237 250 378 342 325 400 252 210 235 313 274 470 477 455 
3 312 307 257 281 405 383 347 420 347 285 283 356 iK)3 480 502 513 
4 310 275 220 316 375 336 327 425 322 302 288 362 380 445 572 539 
5 280 230 189 272 293 258 297 342 210 189 231 293 216 512 405 389 
6 277 242 215 259 296 266 319 387 247 204 249 306 249 475 392 411 
7 295 245 205 331 312 297 302 435 292 240 280 356 252 480 440 478 
8 305 250 209 328 340 255 343 463 255 216 292 379 245 497 452 372 
9 295 260 237 312 337 296 327 425 277 246 266 341 302 472 472 499 
10 297 322 263 287 419 413 354 375 335 295 262 388 408 375 585 540 
11 282 225 198 284 304 242 330 420 252 198 2/6 319 221 512 425 380 
12 247 232 201 245 286 253 314 332 232 202 227 272 228 440 460 446 
13 297 265 208 318 354 331 322 463 295 282 298 371 314 460 485 526 
14 296 252 212 296 331 307 331 382 280 225 274 341 278 475 462 370 
15 291 245 212 263 365 313 321 410 270 223 260 340 261 520 402 345 
Table A12 (Continued) 
Treatment , 
number Davis I966 Davis I967 
1 2 3  1 2 3 4  
16 260 290 235 254 383 362 307 
17 260 270 245 257 355 354 302 
18 312 40? 297 314 464 487 3^9 
19 315 382 297 328 531 502 387 
20 252 210 1C6 183 226 215 264 
21 220 192 l64 207 211 192 250 
22 347 257 212 350 353 266 374 
23 352 252 209 347 370 275 395 
24 285 260 209 241 263 226 302 
25 285 255 203 232 273 242 289 
26 297 277 212 275 295 266 330 
27 327 265 221 278 334 250 351 
28 292 262 216 275 293 239 327 
29 247 232 175 240 240 212 264 
30 282 267 202 286 322 250 343 
31 320 267 216 281 306 259 319 
32 310 250 198 256 291 226 309 
1 300 308 284 343 299 227 182 
2 334 304 302 358 308 225 242 
3 340 304 270 311 314 220 212 
4 308 312 286 342 327 233 214 
5 326 292 286 321 290 227 217 
Percent Pxlo3 
Madison I966 î-ladison I967 Polk 1966 
1 2 3 1 2 3 1 2 3 
230 255 177 191 259 243 427 656 558 
280 312 245 217 344 319 377 622 518 
407 477 343 323 531 535 480 682 566 
397 477 315 325 556 515 492 651 546 
275 180 160 156 208 189 460 435 343 
220 172 147 131 175 175 440 357 290 
485 335 184 316 396 242 505 407 350 
475 297 222 316 380 234 505 387 355 
385 310 236 222 309 251 482 407 4l6 
347 302 201 193 286 209 465 395 372 
412 330 218 223 292 214 415 482 433 
435 340 223 249 340 252 470 427 379 
427 297 197 227 306 214 505 387 337 
307 237 163 162 220 167 510 415 310 
435 327 223 233 356 224 510 457 357 
443 312 211 225 299 209 497 417 359 
420 307 202 233 312 203 470 395 312 
Percent KxlO^ 
450 296 268 356 328 330 340 310 268 
462 314 236 386 347 337 429 346 274 
399 304 248 352 339 346 374 310 286 
ii44 324 282 387 358 342 358 316 284 
417 330 252 332 355 305 376 306 264 
Table A12 (Continued) 
Percent KxlO^ 
number Davis I966 Davis 196? Madison I966 Madison 196? Polk I966 
1 2 3  1 2 3 4  1 2 3  1 2 3  1 2 3  
6 346 304 306 332 310 218 238 480 362 256 375 367 353 376 330 312 
7 314 300 274 310 279 225 192 462 348 276 340 351 347 332 308 278 
8 358 298 302 334 289 218 257 480 328 284 376 362 368 378 332 274 
9 342 304 294 337 313 221 234 456 338 244 347 357 339 396 312 294 
10 306 302 288 328 320 253 225 417 286 272 362 329 303 310 302 308 
11 334 302 288 322 291 211 236 450 368 266 370 374 345 394 336 268 
12 334 292 328 337 308 227 254 405 346 268 380 352 345 391 342 280 
13 330 306 284 324 308 234 208 456 366 282 375 367 356 332 330 286 
14 324 284 288 288 285 196 232 390 328 246 321 335 327 358 308 238 
15 324 304 320 336 323 250 226 432 342 260 383 361 344 409 336 272 
16 310 274 286 301 308 227 216 249 264 228 251 292 290 310 286 300 
17 328 318 286 325 327 250 203 279 266 270 288 317 284 306 304 298 
18 274 296 312 294 294 228 209 273 270 266 281 312 325 330 262 264 
19 312 314 308 331 332 266 219 396 294 262 313 331 325 340 310 298 
20 306 278 258 303 245 178 211 417 328 284 313 344 297 3^p4 310 262 
21 370 320 288 327 279 210 257 4l4 362 278 329 363 328 380 346 274 
22 332 286 306 248 232 186 214 417 346 260 313 298 285 356 318 256 
23 390 312 278 349 297 215 279 480 360 286 378 390 319 380 362 322 
24 324 328 292 292 205 229 417 4o6 272 315 347 365 435 382 310 
25 310 354. 302 329 334 223 213 354 402 252 321 337 351 382 386 302 
26 316 328 294"^. 289 261 201 234 435 380 252 328 357 3^18 350 380 293 
27 358 352 340 339 314 211 244 462 396 272 357 358 376 362 392 320 
28 306 344 334 2?3 319 198 235 438 364 290 348 343 358 366 382 304 
29 324 340 300 307 308 210 250 438 388 286 324 350 359 394 4l6 296 
30 334 376 292 299 302 192 227 474 396 314 345 376 389 385 342 286 
31 292 314 296 284 275 lb 2 218 429 374 294 318 353 332 378 366 276 
32 336 360 306 289 289 200 250 468 4o6 290 347 375 341 396 388 278 
